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ABSTRACT 
Nitrogen Fertilization Studies in Dryland Winter Wheat and Potential 
Nitrogen Losses from the Soil at the Blue Creek 
Experimental Station in Northern Utah 
by 
Subhawat lntalap, Doctor of Philosophy 
Utah State University, 1976 
Major Professor: Dr . Raymond W. Miller 
Department: So il Science and Biometeorology 
This study compared the effects of nitrogen sources on the available 
xiv 
inorganic soil nitrogen, nitrogen movement, nitrogen losses, and wheat yields 
when nitrogen fertilizers were applied to soil planted to dryland winter wheat at 
the Blue Creek Experimental Station in northern Utah. 
In the fall 1973 soil samplings, the fertilizers producing the largest mineral 
nitrogen contents in the 0-30 em soil depths were ammonium nitrate > ammonium 
sulfate > S-cooted urea, when they were broadcast at the practical rate of 56 kg 
N/ha . There was no increase in the mineral nitrogen at the dee per depths in 
the fall or at any depth in the following spring. Statistically, the three nitrogen 
sources did not increase grain yield significantly but did increase grain protein 
content and nitrogen content in grain. 
Ammonium nitrate and potassium bromide at the rates of 400 kg N and 
200 kg Br/ha were broadcast to soil planted to winter wheat in October 1974 . 
XV 
Nitrate-nitrogen and bromide distribution patterns in the soil profile looked 
alike in May 1975. These showed that their movements were similar. Considerable 
nitrate-nitrogen (35 percent of the added nitrogen) had moved down below the 
120 em depth. The highest nitrate-nitrogen concentrations were found at the 
45 to 90 em depth. There seems to be evidence that nitrate-nitrogen and bromide 
had moved deeper than the 150 em depth. 
Ammonia-nitrogen losses from nitrogen fertilized so ils were conducted in 
the laboratory. Ammonium sulfate, ammonium nitrate, or urea oppl ied to the 
soil surface lost ammonia-nitrogen differently. From noncolcoreous soil, the 
ammonia-nitrogen loss was greatest from urea. From calcareous soil or soils 
receiving carbonates or high soil pH by the addition of sodium hydroxide 
solution, the greatest losses were from ammonium sulfate. High losses were 
favored by high temperatures and longer periods of moist soil . The total amounts 
of water lost from the soil was not closely related to the total ammonia-nitrogen 
loss during two weeks. No loss of ammonia-nitrogen occurred when nitrogen 
fertilizers were applied at a 2.5 em depth or deeper. The ammonia-nitrogen 
losses were also greatly reduced when nitrogen fertilizers applied to the soil 
surface was followed by irrigation or heavy rainfall. 
In the field, the higher temperatures increased the ammonia-nitrogen losses 
from ammonium sulfate, ammonium nitrate, and urea when applied to both a 
noncalcoreous and a calcareous soil. However, the loss from calcareous soil was 
reduced by irrigation following fertilizer application . No ammonia-nitrogen 
xvi 
wos observed when ammonium sulfate wos applied ot o 2.5 em soil depth, despite 
of the high soil temperature during the day time in moist soil. Rapid drying of 
the moist soil surface quickly reduced the losses per day . 
(192 pages) 
INTRODUCTION 
Nitrogen (N) is commonly the most important fertilizer element applied to 
soil, its effects being manifested quickly in plant growth or appearance and 
ultimately on crop yields. At the present time the marked increases in crop yie lds 
per unit area may be attributed in Iorge port to the steadily increasing rates of 
addition of nitrogen in commercial forms. Phosphorus, potassium, and the other 
essential plant nutrients ore also necessary, of course, and essential for maximum 
effie iency in the use of nitrogen. 
The nitrogen cycle in soil is on integral port of the overall cycle of nitrogen 
in nature. The primary source of soil nitrogen is the atmosphere, which contains 
about 80 percent by volume of molecular N. Under natural condiHons, gains 
in soil nitrogen occur mainly through the fixation of elemental nitrogen by micro-
organisms and from the ammonia (NH3) and nitrate nitrogen (N03-N) dissolved 
in the precipitation. 
The nitrogen in soil is largely bound in organic matter. In general, only 
a small amount will exist in available forms at any one time. In some soi ls, such 
as some Moll isols, larger quantities of nitrogen ore present than in other soils, 
such as Spodosols . Usually, when naturally fertile land is cultivated, the nitrogen 
content of the soil as well as crop yields dec I ine rapidly. The extent of nitrogen 
decrease (decrease in organic matter) depends on c I imotic conditions, cultural 
practices and soil types. 
A practice which rei ies only on soil nitrogen reserves to meet the nitrogen 
requirements of crops cannot be effective very long in producing high yields of 
crops. Before the middle of this century, biological nitrogen fixation and animal 
manures were the chief means of supplying nitrogen for cultivated crops. In 
recent years, nitrogen fertili zers have become ova ilable, which, when used to 
augment the nitrogen supplied by natural processes, can increase yields and 
improve the quality of crops . A major concern of present-day farmers is the 
effective use of nitrogen fertilizers . 
Usually various forms of commercial nitrogen fertilizers are used. As one 
of the important expenditures in crop production, the efficiency with which 
nitrogen is utilized in crop production is a subject that has been of intense 
interest to agronomists far many years. Nitrogen loss from nitrogen fertilizers 
applied to soils is an important foetor of nitrogen fertilizer efficiency. 
2 
Low recovery in crops of the added N is believed to be attributed in 
considerable part to gaseous losses, one of which is in the form of ammonia from 
calcareous or sodic soils following application on the surface or at shallow depths. 
The quantities lost depend on variations in environmental conditions; consequently 
environmental conditions partially regulate the efficiency of N utilized by crops. 
In warm semi-arid regions a considerable amount of NH3 loss may occur 
because of the alkol ine soil reaction (pH}, rapid soil moisture loss (drying}, 
and the high temperature during the growing season. Lower yields of winter wheat 
from fall appl icotion of N fertilizer compared to spring appl icotion of fertilizer may 
be partly due to NH 3 loss prior to the active N absorption by wheat which occurs 
in late spring. The soils with carbonates seem to be particularly subject to NH
3 
losses. Nitrate nitrogen leaching loss can also occur during the period of 
frequent intensive rainfall and period of rapid snow melting in early spring . 
Winter wheat is one of the rna jar crops of Utah. For more than 70 years 
winter wheat has been grown on the dry lands of the state. It is about the only 
crop grown on these lands, usually under an alternate cropping-fallow system. 
With a continual nitrogen depletion from the soil, without fertilization there will 
be smaller yields and grain of inferior quality. Hence, nitrogen may be one of 
the limiting factors in wheat production in Utah. Yet, the relationship of 
available water and response to added fertilizers is also a regulating factor 
in fertilization. This study compares the effects of nitrogen sources on the 
available inorganic soil N, N movement, N losses, and wheat yields when 
fertilizers are applied to soils planted to dry land winter wheat at the Blue Creek 
Experiment Station. 
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REVIEW OF LITERATURE 
One of the eorly "nitrogen balance sheets" for the harvested crop areas of 
the United States pub I ished by Lipman and Conybeare in 1936 was summarized by 
Allison (1955). It emphasized that in many cases quantitative information was 
inadequate for arriving at accurate values for the quantities of N gained and 
lost through the various transformations. The net annual loss in their N balance 
sheet for cropped soils was 50 Kg N/ha per year. Allison (1966) also reviewed 
the N balance data from long term lysimeter experiments which pointed out that 
considerable amounts of N losses from normal, well- aerated soils may be due to 
volatilization. The unaccounted-for N, aside from that lost by leaching, was 
shown to escape in several forms: as ammonia, chiefly from alkaline soils; as 
N20 and N2 through denitrification; and, to a lesser extent, as NO formed by 
the chemical decomposition of nitrites. /VIore recent studies have helped clarify 
these losses more specifically. 
Recovery of N Applied to Soils 
4 
In general, it may be said that rather marked progress has been made both in 
obtaining more accurate N balance data and in determining the mechanisms by 
which N is lost . Much of this progress may be attributed to the rather general 
adoption of the techniques using labelled nitrogen, 15N. This system of experimen-
tation greatly increases the accuracy with which small amounts of fertilizer N or 
5 
other added N can be detected in the presence of much larger amounts of soil N. 
It also discriminates between man-added N and other N added as a result of 
nonsymbiotic N fixation, absorption of N gases from the air, or N dissolved in 
the rainfall. In addition, the tracer system permits both easy identification and 
quantitative determination of any N gases evolved from the fertilizer N, provided, 
of course, that they can be collected. Other instruments that have been used 
effectively in N studies include the infrared spectrometer and the gas chromato-
graph. 
The recoveries of added fertilizer N in pot experiments using I5N- labelled 
sources were reviewed by Allison (1966). He reported that the N recoveries, 
including that removed by the crop and that left in the soils after harvest, were 
in the range of 53 to 100 percent, but only rarely was all the added labelled N 
accounted for. In most studies where the investigators expressed an opinion, 
low recoveries were attributed toN losses by denitrification. Carteret al . {1962), 
studying the recovery of 15N from soil under field conditions, found that the 
recoveries of 15N added to the 32 plots ranged between 85.3 and 92.9 percent 
and averaged 89.5 percent . They believed that the unrecovered N was lost in 
gaseous forms and the deficit was not due to error in technique. 
In spite of some high recovery percentages, it has been cone luded that 
crops se ldom recover more than half of the fertilizer N added to cultivated soils 
during the first year {Carteret al., 1963). The other half may be: {I) leached 
beyond the root zone; (2) tied up in soil organic matter; or (3) lost in gaseous 
forms. 
6 
Influence of soil texture 
Nosh and Johnson (1967) studied the influence of soil texture on the N recov-
+ -
ered from fertilizer NH 4 or N03 by several grass species grown on calcareous 
soils (pH 7 .5) in the absence of nitrification. They concluded that soil texture had 
no influence on the added N recovered from nitrate nitrogen, but, when ammonium 
nitrogen (NH 4-N) wos the fertilizer source, increased N amounts were recovered 
from the fine-textured soils. N recoveries from the nitrate and ammonium forms 
were 78 and 48 percent, respectively of theN applied. The lower N recovery 
from the ammonium form was attributed to NH3 volatilization from coarse-textured 
calcareous soils. Very poor N recoveries (about 7 to 50 percent), due to N 
losses by denitrification following rain or irrigation in the field conditions, were 
obtained from fine-textured soils. In contrast, on a fine sandy loom the N 
recovery was about 80 percent (Viets, 1960). 
Grable and Johson (1960) also concluded that the efficiency of recovery of 
applied N0
3
-N was negatively correlated with clay percentage and specific 
surface area of the soils; the N losses included loss by denitirification. The 
average N effie iency measured as uptake by plants on 14 different soils in pot 
experiments was 77 percent. Better efficiencies were reported by Terman and 
Brown (1968) who had recoveries of fertilizer N of 90 percent from fine sandy 
loam and 85 percent from silty clay loom. 
Influence of fertilizer sources 
The fertilizer N source applied may influence N recovery in the soil-plant 
system. Carteret al. (1963), using tagged ammonium sulfate [(NH4)2 S04land 
7 
sodium nitrate (NaN03), applied the fertilizers to soils cropped to sudan grass. 
Two months later from 85 to 92 percent of the fertilizer N was recovered. Losses 
were the same for both (NH~2so 4 and NaN03 . Carter et al. (1967) studied 
the recovery of fertilizer 15N under field conditions using sites enclosed by large 
steel cylinders. They found that recovery of the fertilizer N after 8 months 
ranged from 88 to 96 percent, but dropped as low as 77 percent after 10 months. 
Recovery of the fertilizer N was greater from ammonium sources than from nitrate 
sources. 
N uptake by ryegrass from three tagged ammonium fertilizers was observed 
by Tyler and Broadbent (1958). The greatest yield of ryegrass and the highest 
recovery of N were obtained when (NH4)2so4 was applied. No real difference 
was observed in the percent recovery of N from ammonium hydroxide (NH40H) 
and ammonium nitrate (NH4N03). The results of Lehr (1950), however, 
illustrated that the crop recovered much less N from ammonium materials than 
from nitrate fertilizers. Low recovery from ammonium materiels wos caused by 
NH3 volatilization from lime soils. 
Broadbent and Nakashima (1968) found that with surface application the 
uptake of fertilizer N in plant tops varied from 35 to 71 percent; nitrate sources 
supplied the greater percentages. Ammonium sources had losses when they were 
applied to the sci I surface. 
Westerman et al. (1971), comparing the effie iency of urea and oxamide in 
the field with sorghum as a test crop, found that 51 percent of the N added as 
urea was recovered in the crops and 28 percent remained in the soil. The 
8 
corresponding figures for oxamide were 52 and 41 percent. When NH4N03 was 
theN source, the recoveries of fertilizer Non forage grass species were 48.5, 
71.8, and 66.6 percent for timothy, bromegrass, and orchardgrass, respectively 
(George et al., 1973). 
Influence of soil moisture 
Thomas and Heilman (1967) reported that when low levels of N wete present, 
a high soil moisture content reduced N absorption or N availability to sweet 
pepper. They suggested that the inhibiting effect of high soil moisture on N 
uptake was overcome by the oppl ication of high rates of N. Therefore, moisture 
and N application rates may affect the recovery of fertilizer N. 
Srivastava and Singh (1971) found thot N recoveries by sorghum and oats in 
the field were 38 and 43 percent, respectively. The low recoveries were due to 
leaching of the N which was oppl ied at sowing. 
Isotopic studies of theN balance in a cracking clay (clay 74 percent, pH 
8. 5, and moisture content at 56 percent) were carried out by Croswell ond 
Martin (1975a, 1975b) as pot experiments in a glasshouse. Added N03-N and 
NH4-N were almost completely recovered (about 97 to 99 percent) from the soil 
and wheat plant. Even at 63 percent moisture, which should favor denitrification, 
almost complete recovery of added 15N was found. Using a lysimeter from which 
all gases were collected, less than 0.2 ~JgN/g soil was lost by denitrification, 
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and only 0.16 percent of labelled N as NH3 was detected. Under field 
conditions, no added 15No3-N was lost until a heavy rain saturated the soi l in 
the undrained columns. Soil columns in fallow and with wheat lost 25 percent of 
the 15N added by denitrification during this rain-saturation. Preventing the soil 
saturation by the excessive rain resulted in only 6 percent unaccounted-for N 
after analysis of the soil and plants. 
In drylond cropping of central Nebraska, Romig and Smiko (1964) reported 
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that recoveries of the fertilizer N by wheat, sorghum, and corn crops after wheat 
were 17, 33, and 36 percent, respectively. 
In dry-forming regions of Cache and Juab Volley in Utah that had been 
formed for 25 and 40 years, Bracken and Greaves (1941) reported that the N 
removed in the crop accounted for only 28.7 and 33.9 percent, respectively, of 
that lost from the soil. Since they considered leaching and erosion were not 
important losses in these areas, they considered that the major port of the unknown 
loss occurred through volotil izotion . 
Losses of N from Soil 
Loss of N into the atmosphere through volotil izotion is a foetor affecting the 
amount of fer t ilizer N utilized by crops . Allison (1966), in reviewing recovery of 
N oppl ied to soils, reported that the chief channels of loss of unaccounted for N 
in normal agricultural practice ore probably due to leaching, NH3 volatilization, 
or gaseous N in the forms of molecular nitrogen (N2), nitric oxide (NO), or 
nitrous oxide (N20). 
Khan and Moore (1968) studied the losses of added N from some Alberto 
soils . The losses of oppl ied N were measured by the difference between the 
"no N" and the "added N" treatments . They found that most losses were less than 
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one-third of the added N, the maximum loss being 84 percent from o loom soil to 
which NaN03 had been added. Most of theN loss was attributed to chemo-
denitrification. 
Soil water influences the N loss. Wagner and Smith (1960) fou nd that soil 
moisture within the range from air dry to field capacity had little effect on the 
amount of N lostfrom the soils they studied having silt loom textures. However, for 
o cloy soil, increasing the moisture content within this moisture range increased N 
losses. In greenhouse experiments, Spurgeon and Grisson (1963) had a N loss from 
nitrate applied to clay soil which was most rapid during the first 2 days after the 
soil was water-logged. The water-logged soil lost about 50 percent of the applied 
N during the first 2 days. The rates of N loss were rather consistent for the 2 to 12 
days period and then decreased during the 12 to 16 days period. After 16 days al l of 
the applied N had been lost. The nitrate content of the nonwater-logged soil 
remained nearly constant throughout the 16 day period. 
Broodbent and Tusneem (1971) reported that growing rice effectively reduced 
the magnitude of such a N loss by N uptake. 
Although losses of N by denitrification can be Iorge and are often con-
sidered to be the major gaseous loss of added N, this study is primarily designed 
to evaluate losses of N by vo latilization of N as NH3 . The rema ining discussion 
will emphasize studies providing information on N losses by this mechanism. 
II 
NH
3 
Volatilization from Soil Receiving N Fertilizer 
Theory of NH3 volatilization 
Fenn and Kissel (1973) proposed a mechanism of NH 3 volatilization from 
NH+ fertilizers applied to calcareous sails. When it is applied to the soil surface, 
4 
the NH~ compound will react with solid calcium carbonate (CaC03). As a result, 
ammonium carbonate, (NH4)2C03, will be formed as represented by the following 
general equation: 
(I) 
where Y represents the anion with ammonium and n, x, and z are numbers dependent 
on the valences of the anion and cation to form balanced equations. 
The final reaction product (NH4)2co3, also reported by Singh et al. (1970), 
is unstable and decomposes as follows: 
2 NH3 + H20 + C02 
u H20 
(2) 
The amount of NH40H formed at a given time depends on the solubility of 
CanYx and its rate of formation. If CanYx is insoluble, the reaction (I) proceeds 
to the right causing more (NH4)2co3 to form. If no insoluble CanYx is formed, 
no appreciable quantity of (NH4)2co3 exists. 
When (NH4)2co3 decomposes, C02 will evolve from the soil solution at a 
faster rate than will NH3 and additional OH- will be produced causing an increase 
in soil pH. Consequently, these reactions cause the NH3 loss to increase because 
of the following reaction: 
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t 
NH40H ~ NH3 + H20 
The NH
3 
volatilization depends on the resultant pH of the soil solution. The 
NH3-NH~ equilibrium is pH dependent; a higher pH favors the NH3 form and 
greater NH3 volatilization. 
Rates of NH3 loss from soils 
The loss of N from soil as NH3 is now recognized as o more important channel 
of loss in many situations than was formerly ~upposed. NH3 losses probably ore 
greater in soils of high pH, high temperature, Iorge concentration of NH~ ferti-
I izers, fast evaporation losses of soil moisture, and soils with low cation exchange 
capacity (CEC). 
The amounts of NH3 volatilized following surface application of 112 kg of 
urea N;ho to bore, moist, acid fine sandy soils were, after 4, 7, and 15 days, 
24.3, 33.0, and 34 . 1 percent of theN applied in the field (Yolk, 1959). He con-
eluded that NH3 evolution was largely completed in 7 days, if moisture and 
temperature were not I imiting. Ernst and lv\ossey (1960) found that the maximum 
doily NH3 losses from urea occurred during the sixth day of aeration from soils of 
pH 5.0 and 5.5, but during the fifth day from the soils of pH 6.0 to 7.5 
Makarov and Dokuchoyev (1960), determining the amounts of NH3 evolved 
from peat-bog soil and sod-podzol ic (sandy loam) sail, reported that NH3 evolu-
tion would seem to depend on variations in the hydrothermal conditions affecting 
the ammonification processes and the evolution of NH3 from the soil. He suggest-
ed that in determining NH3 evolved from soil the exposure time must be 1-2 hours. 
But when the rote of NH3 evolution from the soil is very high, for example when 
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NH4 fertilizers ore applied to the soil, the exposure time must be reduced to about 
I hour. He found the rates of NH3 evolved from the soil during the growing period 
varied in dried peat-bog soils and sod-podzolic medium cloy loom soils from O.Oto 
25 g of NHJI'ho/hr . In the field, three times as much NH3 was liberated during 
the daytime as at night from plots receiving urea oppl ied to soil surface {Makarov 
and lgnotova, 1964). 
Meyer et ol. {1961) evaluated the evolved NH3-N following application of 
112 kg N/ha in different N sources to silty cloy loom of pH 7.8 and different treat-
ments: {I) with straw residue over surface, {2) wet to field capacity before brood-
cost application of fertilizer, and then incubated at 24 C. They found that most of 
the NH3 evolution occurred in the first 4 days after application. Overrein and 
Moe {1967) reported that the highest rote of NH 3 loss occurred 2 days after all 
levels of urea oppl icotion. The order in magnitude of loss from greatest to least 
loss was at 2 days, 3 days, 4 days, 5 days, and I day after oppl icot ion. Misra and 
Singh {1972) reported some NH3 volotil izotion even after 28 days but the rapid loss 
was in the first 2 days. 
Harding et al. {1963) compared volatile NH3 losses from various nitrogeneous 
fertilizers that were broodcosted and remained on or near the wet surface of a silt 
loom {pH 7.7). The maximum rote of NH3 loss {0.46 kg/ha/hr.) occurred within 
the first 6 hours of application of {NH4)2S04ond then diminished gradually to a 
constant of approximately 0.07 kg/ha/hr after 150 hours{6.25 days). This rote of 
loss continued through the second week, dropping only slightly by the fourteenth day. 
Movsumov {1969) observed that when {NH4)2so4 was applied to soil contain-
ing 5 .7 percent of CaC03, incubated at 30C, and with a moisture content 60 
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percent of the "f•JII moisture copocity," the NH3 loss doubled during the first 6 
hours. The accumulative loss totaled 13.6 percent on the fifth day and 40.4 
percent on the twentieth day but it was only 41.4 percent on the thirtieth day. A 
similar pattern of NH3 loss was noted in his field experiments in which urea was 
added. According to Getmonets (1972), the loss of NH3 was greatest during the 
first few days after the experiment was started when fertilizers were oppl ied at 
the surface, especially at the high application rote ( > 80 kg N/ho). The rates 
of NH3 loss from urea 3, 7, and 14 days after application of 80 kg N/ho were 
6.5, 6.8, and 0.6 g/ho, respectively, during o 2 hour measurement period. The 
corresponding figures for (NH4)2SO 4 were 4.8, 0.6, and 0.5 gjho, respectively. 
Chao and Kroontje (1964), possing water-saturated air or water-unsaturated air 
over the soil surface receiving NH40H, reported that the rates of NH3 volotil i-
zotion from cloy decreased with increasing time. 
Overrein (1968) and Mohendroppo (1969) reported that the highest rote of 
NH3 volatilization was exhibited on the third day after urea application to forest 
soils, this maximum was followed by o steady decrease in the rates with longer 
time. Watkins et ol. (1972) observed approximately 80 percent of his measured 
NH3-N loss during the first 5 days. Mills et ol. (1974) found that most of the 
NH -N loss occurred on the first and second days following addition of NH4CI 3 
solution to the surface of o fine sandy loom soil. Nearly two-third of the NH3 
loss occurred during this period . 
Muse (1968) studied NH3 volotil izotion losses following surface oppl icotion 
of urea and (NH4>2S04 to heavy, alkaline and calcareous soils. He found that 
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the highest rote of NH3 loss occurred during the first week at oil roles of N oppli-
cation and thereafter gradually decreased to low values. The lowest value was 
obtained in the sixth week. Volk (1961) also reported that NH3 loss was largely 
complete with in 7 days after application of urea, if moisture and temperature 
were not I imiting. NH3 loss by 24 hours was 74 percent of the total NH3 loss 
in 100 hours after (NH4)2so4 application accord ing to Fenn and Kissel (1973). 
The highest rates of loss from (NH4)2so4 and NH4N03 for the first 6 hours were 
3. 0 and 0. 5 percent per hour of added N . 
Some factors affecting NH3 volatilization from soils 
Soil reaction. Soil reaction (pH) plays an important role in the amount of 
NH3 that volatilizes from N fertilizers applied to soils, especially in alkaline 
and calcareous soils. Ammonical fertilizer will react readily with carbonates 
in the soil. The resulting (NH4)2co3 breaks down into NH3 and C02. 
A theory of the process of NH3 loss has been detailed by Fenn and Kissel (1973). 
A number of investigators have studied the effects of pH on NH3 volatilization. 
Jewitt (1942) measured the NH3 loss from (NH4)2S04 applied to moist soils having 
natural alkaline pH va lues as the soil dried approximately to an air dry state. 
The NH3 losses were 0, 13, 13, and 87 percent of added Nat pH 7.0, 8.6, 9.3 
and 10.5, respectively. Martin and Chapman (1951) measured losses of 9 to 51 
percent of the N added in the form of NH40H when it was added to soils ranging 
in pH from 4.5 to 8.0. Very little NH3 was lost at pH below 7.2 from added 
(NH4)2so4 and NH4N03 . Their results indicate that the pH of the soil is an 
important factor in determining the loss of NH3 . 
According to Wahhab et al. (1957), (NH4)2SO 4 in solution applied to sandy 
soil of initial pH 8.3 and sandy loam of pH 8.4 lost 27 and 13 percent of the 
added N in 6 days, respectively. When the soils' pH was lowered to 7.3 and 
5.4 by adding AI 2 (S04)3, the amounts of NH3 lost in 6 days at pH 5.4 and 
7.3 were 0.0 ond 9.1 percent for the sandy soil and 0.0 and 5.0 percent of 
added N for the sandy loam soil, respectively. Thus a pH drop from 8.3 and 8.4 
to 7.4 greatly reduced NH3 loss and a drop to 5.4 results in no loss. However, 
Yolk (1959) observed that NH3 loss even in acid soils occurred to a small extent. 
Gaseous loss of NH3 during 7 days following surface application of (NH~2S04 
at rates of 112 kg N;ha to the wet fine sandy soil of pH 4.4, 5.4, and 6.3 were 
0.1, 0.2, and 0.7 percent, respectively. 
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Wah hob et al. (1960) studied the loss of NH3 from urea application during 5 
drying cycles. The NH3 losses from sandy soil of pH 4.6, 5.5, 7.0, and 8.5 were 
2 .0, 4.8, 11.8 and 20.2 percent of added urea N, respectively. Corresponding 
values for sandy loam were 3 .4, 11.1, 21.6, and 39 .I percent, respectively. It 
is evident that NH3 loss increases with increasirg soil pH. 
A recent study of Fenn and K issei (1973) confirmed the effect of soil pH on 
NH3 volatilization. They observed that the fluctuation of soil surface pH after 
N fertilizers were applied supports the N H3 loss mechen ism. For example, after 
surface appl icotion of NH4F, (NH4)2S04, ond NH4N03, the soil pH rapidly 
altered from 7.7 to 8.9, 8.1 and 7.1, respectively. The corresponding rates 
of NH3 loss for the first 6 hours were 11.1, 3.0, and 1.8 percent of added N, 
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respectively. The rate of sail pH chango was somewhat similar to the rate of 
NH3 loss. Soil pH can affect NH3 loss even in flooded soil (tvlacRea and Ancajas, 
1970). They observed that the initial pH of the soil was the soil characteristic 
mostly related to the magnitude of NH3 loss from submerged soils. 
Many other investigators also have reported that increasing soil pH caused 
an increase in NH3 loss (Ernst and tvlassey, 1960; Filimonov and Strelnikova, 1974; 
Hutchinson and Scarsbrook, 1964; Mills et al., 1971; Mills et al., 1974; and 
Watkins et al., 1972). 
Effects of carbonate content . Soil CaC03 content levels affect NH3 vola-
tilization . The amounts of NH3 loss from N fertilizers added to the soil increase 
with increasing carbonate content. Carter and Allison (1961) observed NH3 
losses from added (NH4}2so4 of up to 15 percent on acid soil limed to pH 6.7. 
Larsen and Gunary (1962) studied NH3 losses from the mixtures of an 
acid soil (pH 4.5} and the carbonates of calcium (Co}, barium (Ba} or magnesium 
(Mg} when mi><ed in the proportions of I part carbonate to 10 parts of soil by 
weight. Soil mixtures with CaC03 and MgC03 lost more NH3 from added 
(NH4)2S04 than from NH4N03. With added BaC03, soil lost more NH3 
from NH4N03 than from (NH4)2S04. This was explained as a result of Ba S0 4 
being precipitated on the surface of the BaC03 reducing the NH3 loss as a 
result of reducing the solubility of the coated BaC03 . However, their result 
is contrary to the theory of NH3 loss proposed by Fenn and K issei (1973) as 
mentioned before. Fenn and K issei found that more NH3 was lost in their 
studies from soil treated with BoC03 than from those treated with MgC03 during 
7 hours after (N H 4)250 4 was applied to treated soil surface. 
The work of Mavsumov (1969) gave very interesting data about NH3 losses 
on limed acid soils. After applying (NH4)2504 to untreated soils that initially 
contained 0 . 0, 3.5, 5.0, and 7 .I percent CaC03, the losses of NH3 after 
10 days were 2.5, 9.9, 12 . 8, and 18.0 percent of added N, respectively. He 
found that adding CaC03 to noncalcareous so il at the rates of 0.0, 0 .5, 1.0, 
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2 .5, 5 .0, 10 .0, 20 . 0, and 30 . 0 percent caused losses of NH3 of 1. 5, 1.6, 4.0, 
9 .5, 14.8, 15.4, 18 . 0, and 18 .0 percent of the added N, respectively. He 
concluded that the more CaC03 there is in the soil, the higher is the NH3 loss . 
Five percent CaC03 caused an NH3 loss 3.5 times greater than when I percent 
CaC03 was added. However, there were no differences with further increases in 
the amounts of CaC03 added . Feagley and Hossner (1975) also reported that 
substantial losses of the NH3 from applied N may occur from limed acid soils. 
Losses of NH3 following application of 112 kg of urea N/ha to turf averaged 
29 percent from unlimed turf, but 39 percent from limed turf (Yolk, 1961). 
Respective losses on the same turf treatments using (NH 4)250 4 were 0.4 and 
19.7 percent , and applied NH4N03 were 0.3 and 3.4 percent. Other 
investigators have also reported the losses of NH3 were greater as the amounts 
of lime in soils increase (Filimanov and 5trelnikova, 1974; Gasser, 1964; and 
Moe, 1967). 
Effects of temperature. Temperature and soil moisture content affect NH3 
volatilization, but definitive studies have been few and difficult to do. Generally, 
it is very difficult to maintain the temperature and moisture inside an enclosed 
chamber at the same values as the outside (open) environments when the field 
system is subject to sunlight. Most NH3 loss experiments have been carried out 
in the laboratory at room temperatures with or without the losses of soil moisture 
during the period of experiment. McGarity and Rajaratnam (1973) reviewed the 
various equipment devised by various workers for measuring N losses os gaseous 
forms, including NH3 loss in the field and simulated field environments. Hoult 
et al. (1974) modified some of the apparatus in order to control air temperature 
in the chamber as close as possible to the outside temperature by using a cooling 
system. Later Fernando and Roberts (1975) improved an air exchange system for 
studying NH3 losses in both the laboratory and in the field. But they did not 
mention the problem of water condensation inside the system and the difference 
in temperature inside and outside the system. The high solubility of NH3 in 
water makes water condensation critical. 
Temperature effects on NH3 losses have been recognized for years. 
Increases in temperature usually enhance NH3 volatilization. Wahhab et al. 
(1957) measured NH3 losses from (NH4)2S04 applied to samples of alkaline soil 
incubating at constant temperatures of 35 and 45 C in a water bath for 6 days. 
Losses of NH3 from sandy soil at 30 and 45 C were 15.2 and 39.8 percent, 
respectively. Corresponding values obtained from applied urea were 29.3 
and 39.1 percent {Wahhab et al., 1960). 
Volk (1959) applied urea to the surface of a bare moist soil and measured 
the NH3 loss. The magnitudes of NH3 losses from sandy loam (pH 4.4) in 7 days 
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at 7, 16 C, and roam temperature (about 22 C) were 0.4, 16.3, and 26.7 percent, 
respectively. Similar patterns were reported by Ernst end Massey (1960); 
accumulative NH3 losses from applied urea for a silt loam soil (pH 6.5) at 
constant temperatures of 7, 16, 24, end 32 C were approximately 6, 9, 14, end 
20 
23 percent, respectively. The greeter amounts of NH3 losses at higher temperatures 
are attributed to the higher rete of urea hydrolysis and subsequent loss of NH3 
(Chin and Kroontje, 1963). Hutchinson end Scarsbroak (1964), found NH3 losses 
at 4 end 32 C from added urea were 6 end 40 percent, respectively. Gasser (1964), 
considering en overall average of the forms of fertilizers end methods of applying 
them, concluded that more NH3 was lost from a calcareous loam soil (39 percent 
CaC03) at 25 then 5 C. 
Watkins et cl. (1972) applied urea at rates of 224 kg N;hc to a Northwestern 
soil under forests and incubated the soils at 7 and 18 C for 30 days. NH3 losses 
from smcll-pelleted urea at 7 end 18 C were 22 end 35 percent, respectively. 
Their work showed that NH3 losses increased with increasing temperature at ell urea 
pellet sizes studied (from 0.5 em to I mm in diameter). 
Fenn end Kissel (1974) found that the total NH3 losses were only slightly 
influenced by temperature when applying precipipate-forming ammonium compounds 
such as (NH4)2SO 4 . However, increasing the temperature did increase losses 
of NH3 from non-precipitate-forming ammonium compounds such as NH4N03 • 
The losses from applied NH4N03 at 12, 22, end 32 C were 14, 18, end 26 
percent respectively, regardless of the rates of N cppl ied. 
Other experiments showing the effects of temperature on NH3 losses hove 
been reported by Martin and Chapman (1951), Nelson ond Uhland (1955), 
Justice and Smith (1962), and Overrein and Moe (1967). 
21 
Effects of moisture. Jew itt (1942) reported that there was a close relation-
ship between the loss of NH3 and the loss of water. Loss of NH3 ceased when 
there was no loss of soil moisture . Similar results were found by Ernst and Massey 
(1960), Justice and Smith (1962), Martin and Chapman (1951), and Wahhab et al. 
(1957). However, whether or not NH3 loss occurs may be affected by the methods 
of experiments. For instance, Bremner ond Douglas (1971) and Prasad (1976) found 
that NH3 losses exist up too 21 day period at almost constant moisture content. 
(They found only less than 0.15 ml of water was lost at the end of their experiments). 
The soil temperature and rate of air flow through the soil surface affects 
rates of moisture loss and NH3 losses, as well. Kresge and Stachell (1960)studied 
the effect of initial soil moisture contents on NH3 losses from urea applied at the 
rate of 336 kg N/ha to the surface of a silt loam (pH 6 .3); no attempt was made 
to maintain the initial soil moisture. The amounts of NH3 volatilized in 10 days 
from soil with initial soil moisture contents of 0, 5, 10, 15, 20, and 30 percent 
(near field capacity) were 0, 2.7, 44.1, 83.4, 108.2, and 98.3 kg N/ha, 
respectively. It is evident that more NH3 was lost from urea in soils drying out 
from near field capacity than from dry moisture conditions. Wahhab et al. (1960) 
reported that NH3 losses from a sandy loam (pH 8 . 1)after five dryings from an 
initial soil moisture at each cycle of 0.25, 0.50, 0.75, and 1.0 times of its full 
moisture holding capacity (36 percent) were 23.0, 50.3, 55.2, and 60.8 
percent, respectively. 
However, the maximum NH3 loss from (NH4}2504 occurred at 0 .25 times 
the moisture saturation capacity (Wahhab et al., 1957); with a further increase 
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in soil moisture, volatilization of NH3 was greatly reduced. Prasad (1976} reported 
similar results; NH3 losses from S-cooted urea, (NH4}2S04, and urea at both 
22 and 32 C were greatest at 25 percent of the water-holding capacity of the 
calcareous clay soil. Sarigumba and Pritchett (1975} also reported that low soil 
moisture conditions favored NH3 loss from urea applied to soils under forests. 
In contrast to the studies just reported, Chao and Kroontje (1964} found that 
NH3 loss and water evaporation from soil follow different functions. The rates 
of NH3 volatilization decreased with time, while the rates of water evaporation 
stayed almost constant to nearly air-dry conditions. Thus their results are not 
in agreement with that reported by Jew itt (1942) and Wahhab et al. (1957). 
Makarov and lgnatova (1964} applied different forms of N fertilizers to a 
medium clay loam while maintaining the moisture content at 60 and 75 percent 
of the total moisture capacity (T MC) of the soil by periodic watering. The 
results showed that an increase in soil moisture content from 60 to 75 percent of 
the TMC increased the escape of NH3 by a factor of 2 to 4. For instance, 0.03 
mg of NH3 was liberated after the addition af (NH4}2so4 to the soil (pH 5.0} 
having a moisture content of 60 percent of the TMC and 0.14 mg was released 
from the sample with a moisture content of 75 percent of the T MC. Increase in the 
NH3 loss by increasing and maintaining higher soil moisture also was reported by 
Overrein and Moe (1967}. 
That the NH
3 
loss is related to the initial soil moisture was also verified 
by the results of Gasser (1964); Hutchinson and Scarsbrook (1964); and Volk (1969). 
The effects of soil texture, cation exchange capacity (CEC)and organic 
materials. Wah hob et ol . (1957) reported that soil texture affected NH3 
volatilization. They applied (NH4)2so4 in so lution to the soil in the laboratory. 
The total NH3 losses for 6 days after N oppl icotion from sandy soil (pH 8 .3) and 
sandy loam (pH 8.4) were 20.2 and 10.2 percent of the added N. Although the 
greater loss measured by Wohhob and workers was from the sandier soils, Kresge 
and Satchell (1960) observed that NH 3 losses from applied urea were greater 
from o silt loam (pH 6.3) than that from a fine sandy loam (pH 6.5), regardless 
of the initial soil moisture content. NH3 losses have also been inversely related 
to the soil exchange capacity (Alli son, 1966; Hutchinson and Scarsbrook, 1964; 
Nelson and Uhland, 1955; and Martin and Chapman, 1951). 
Gasser (1964) concluded that when 112 kg N/ha was applied as urea to soils 
with base-exchange capacity less than 10 me/ 100 g, more than 20 percent N may 
be lost as NH3, the maximum losses decrease to 10 percent at 20 me/100 g, 
with less than 10 percent lost from soils of greater base-exchange capacity. Fenn 
and K issei {1975) also reported that an increasing CEC of soil resulted in a 
decreased NH3 loss. 
Organic matter may affect NH3 loss by altering the soil properties and 
activity but the effects are not clear. Gasser (1964) found that the least NH3 
was lost from an unmanured clay loam and the most was lost from an unmanured 
sandy loam. Applying farmyard manure in the field slightly increased NH3 loss 
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from the clay loam but decreased considerably the lass from sandy loam. Applying 
farmyard manure in the field to the sandy loam increased the cation exchange 
capacity (CEC) from 7.8 to 12.4 me/100 g, which is in the range where NH3 lass 
varies rapidly with changes in exchange capacity. By contrast, the CEC of clay 
loam increased from 18.8 to 23.4 me/100 g but in the region where NH3 lass is less 
sensitive to change in CEC. Farmyard manure added to clay loam also increased 
organic matter which caused more rapid hydrolysis of urea and NH3 loss. 
Moe (1967) studied the effect of a corn mulch on NH3 volatilization from a 
sandy soil after applying urea on the surface or incorporating it. Soil moisture was 
maintained at near saturation and the soil was incubated at 28 C for 9 weeks. 
Mulching decreased the NH3 loss. The NH3 loss was reduced by 24 percent when 
the corn was mixed in with the top 2.5 em of surface soil before the surface 
application of urea. Mixing both the mulch material and the urea in with the 
top 2.5 em of soil caused a 58 percent reduction in total NH3 volatilization. 
Watkins et al. (1972) observed that NH3 lass was greater when urea 
was applied to soil that was covered with forest floors than when urea was 
applied to bare soil. The differences in the NH3 lass may be attributed to the 
factors governing urea hydrolysis. Adding some organic matter, such as filter 
press mud, reduced NH3 losses regardless of the added N sources (Prasad, 1976). 
Changes in the soil CEC may also be a major cause. 
Effects of ammoniacal fertilizer sources. Shankaracharya and Mehta (1971) 
applied different N fertilizers to the soil surface of a non-calcareous sandy soil 
(pH 7 .2) in the field and measured the NH3 evolution. They found that the 
accumulative NH3 losses from the sail when fertilizer was applied after irrigation 
varied in the order: urea (30.0 percent), groundnut cake (11.2 percent), 
diammonium phosphate (6.2 percent), calcium ammonium nitrate (4.6 percent), 
ammonium chloride (4.6 percent) , ammonium sulfate (3.1 percent), ammonium 
sulfate nitrate (2 .4 percent), and ammonium nitrate (1 . 8 percent) during 14 days. 
Among the most important factors affecting the variation of NH3 losses are the 
dissociation or decomposition into ammonium ions, adsorption by soil colloids~ 
and the effect of fertilizers on the pH of the soil. 
Mosumov (1969) reported that NH3 losses in the laboratory from soil (5 .7 
percent CaC03) receiving urea, (NH4)2S04, and NH4N03 were 17 .0, 15.4, 
25 
and 9.8 percent during 10 days. Similar losses occurred in field studies. Although 
in this study the greater loss of NH3 occurred from urea, Gasser (1964) had greater 
NH3 losses in 40 days from (NH4)2S04 (9.6 percent) than from urea (6.8 percent) 
when they were applied to high calcareous flinty-loam soil (39 percent CoC03). 
Similar results were reported by Musa (1968). 
Harding et al. (1963) measured NH3 lass from broadcasting N fertilizers 
on sail surface in field experiments and obtained NH3 losses after 2 weeks of 
52.6, 31.0, 5.3, and 4.0 percent from urea, (NH4)2S04, NH4N03, and urea 
formaldehyde, respectively. Similar results were reported by Volk (1961). But 
Overrein (1969) reported that NH3 volatilization from ammonium or nitrate forms 
added to acid soils under forests was nonsignificant. 
The solubility of NH~ fertilizers (reactant) is an important factor governing 
the loss of NH3 . Harding et al. (1963) reported that NH3 loss from urea was 
13.2 percent but only I percent from slowly so lubilized urea-formaldehyde when 
both were applied to a silt loom at the rate of 448 kg N;ha. Prasad (1976) al so 
found that the NH3 volatilized from the slowly solubilized S-cooted urea was 
less than that from urea or (NH4)2SO 4. 
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Larsen and Gunary (1962) reported that NH3 loss after 9 days from 
(NH4)2so4 applied to sandy soil (pH7.7)was 64 percent. Corresponding values 
were 39, 30, 30, and 9 percent from diammonium phosphate, monoammonium 
phosphate, NH4N03, and magnesium ammonium phosphate, respectively. The 
sma ll losses from the magnesium ammonium phosphate were due to its low solubility. 
Fenn and K issei (1973) proposed that the solubility of the reaction products helps 
govern the amounts of NH3 losses . Greater losses of NH3 from urea, followed by 
(NH4)2SO 4 and NH4N03 in acid, slightl y acid and alkaline were reported by 
Kresge and Stochell (1960); Meyer et al. (1961); and Volk (1959). The ammonium 
sulfa te forms more insoluble products than does NH4N03. 
Effect of fertilizer rates. The application rates of N fertilizers as they 
affect the loss of NH
3 
have been investigated by many workers. Shankorachorya 
and Mehta (1971) found that the losses of urea N as NH3 14 days after surface 
application at the rates of2.8, 27.7, 276.9, 553.7, and 1107 .7 kg N;ha were 0.0, 
4 . 0, 44.5, 57.1, and 66.4 percent from sandy soil of pH7 .2. It is evident that 
the loss of NH3 increases with increasing the rate of N applied. Hutchinson and 
Scarsbrook (1964) also found that the average loss at the 56 kg N;ha rate was 
12 percent and at the 896 kg N;ha rate it was 38 percent of urea N applied . 
+ The effects of CEC in holding NH4 is reduced, relatively, by larger total 
addition. 
Wohhob et ol. (1957) found that NH3 losses from a sandy soil treated with 
(NH4)2SO 4 were 15 .2, 18 .2, and 24 . 9 percent from soil receiving the fertilizer 
at the rates of 560, 1120, and 1680 kg N/ha, respectively. Corresponding losses 
from a sandy loom were 6.8, 9.6, and 13.4 percent. Total NH3 losses from 
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added (NH4)2SO 4 increased with increased rates of N oppl ied, but the percentage 
losses of NH3 were not affected by the oppl icotion rates when NH4N03 was the N 
source, regardless of temperature (Fenn and Kissel, 1974). 
In contrast to the direct effects of oppl icotion rates on percentage losses, 
increasing the amounts of N applied to alkaline soil increased the total quantity 
of NH3 loss but did not appreciably affect the percentage lost (Martin and 
Chapman, 1951; and Muse, 1968). Similar results from slightly acid soil (pH 6.5) 
were found by Overrein and Moe (1967). 
Effects of fertilizer placement. Effects of placement of the fertilizers at 
different depths in the soil on the NH3 loss hove been examined by many. workers. 
Recently, Shonkorochoryo and Mehta (1971) oppl ied urea at different depths 
before or after irrigation of non-calcareous loamy sand (pH 7 .2). When the 
fertilizer was applied after irrigation, the amounts of NH3 lost during 8 days 
were 40.2, 33.4, 18 .1 , 0.4, and 0.0 percent of added N from the application 
depths of 0.0, 1.25, 2.5, 5.0, and 7.5 em, respectively. The losses from the 
application of N after irrigation were greater than that from application before 
irrigation. These results showed that there will be negligible loss of NH3 from 
urea if it is applied at least 5 em below the soil surface after irrigation, or if 
placed at I east 2. 5 em deep before irrigation. Ernst and Massey (1960) reported 
that although the difference in NH3 losses from mixing urea with surface soil 
layers at different thickness . was not striking, there was a definite trend of 
decreasing NH 3 losses as it was mixed with layers of soil of increasing depth 
(thickness). A decrease in the loss of urea-N as the depths of its placement 
increases was also reported by Fuller (1963); Meyer et al. (1961); Overrein and 
Moe (1967); and Wahhab et al. (1960) . 
Comparison of the methods of applying urea by broadcast and by mixing it 
into the soils wos conducted by Gasser (1964) and Meyer et al . (1961). They 
reported that NH3 losses were greatly reduced by mixing the fertilizer with the 
soil regardless of soil differences and the different forms of N fertilizers used. 
Wahhab et al. (1957) added (NH4)2S04 to alkaline soil at the soil surface 
and at I, 2, 3 em depths. Total NH3 volatilized from those placement depths 
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were , for sandy soil, 26.3, 16.9, 12.7, and 11.0 percent, respectively, and, for 
sandy loam, 12. 9, 7 .5, 6.1, and 4 . 3 percent. Thus increasing the depths of 
placement of fertilizer reduces the loss of NH3 significantly. Reducing NH3 
loss by incorporation of NH+ compounds into the soil was also reported by Fenn 
4 
and Kissel (1975) . Decreasing the soil moisture increased the effectiveness of 
soil incorporation in reducing NH3 loss. 
Methods to reduce NH3 losses 
From the discussion in the previous sections NH3Ioss depends on many factors, 
such as soil properties, N sources, methods ofN placement, and climatic conditions 
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which affect mainly moisture and temperature. In practice, practical reduction 
in NH 3 loss can be accomplished by increasing the depth of placement of N 
fertilizers into the soil , by adding organic matter or compounds to reduce soil pH, 
the presence of plant residue mulches, or using N fertilizers that are of low 
so lubility or are resistant to enzymatic microbiological action. 
Most organic mulches decrease loss of NH 3 . Adding farmyard manure 
reduced NH3 loss (Gasser, 1964). Lower NH3 loss occurred when lime and urea 
were applied together on the surface of a corn mulch tha n when they were 
applied to bore soil (Moe, 1967). NH3 loss can also be reduced by other organic 
matter addition, such as filter press mud, a byproduct of the sugar industry, as 
reported by Prasad (1976). 
NH3 loss from urea may be reduced by the addition of acidifying chemicals, 
such as H3P04, H3B03, NH4CI, or NH4H2P04. Kresge and Satchell (1960) 
added 30 percent NH4N03 with urea and were able to reduce NH3 loss 40 to 50 
percent. Watkins et al. (1972) added 25 or 50 percent NH4CI with crystalline 
urea and reduced the NH3 loss 40 and 74 percent, respectively. 
In addition, NH3 loss from urea can be reduced by the addition of phosphates, 
HlO 
4
, or H3Bo3 . Singh et al. (1970) reported that adding phosphates with 
(NH4)2SO 4 at a rate of 0.25 percent P20 5 by weight to alkaline soil in the forms 
of AIP04, FeP04, or Mg3(P04)2 reduced N losses . The reduction of N loss was 
as in the following series: Ca 3(P04)2 > Mg3(P04)2 >FeP04 > AIP04. They 
explained the reduction in NH3 loss to be the result of formation of stable 
ammonium phosphate compounds. 
Mahendrappa and Ogden (1973) added urea along with phosphorus (P) in the 
form of triple superphosphate to ocid forest-covered soil in the field and observed 
a lower NH3 loss. The NH3 loss was drastically reduced because the triple 
superphosphate lowered the soil pH. However, doubling the added P from 112 to 
224 kg P/ha did not proportionately reduce the extent of NH3 volatilization. 
Similar results have been reported by Filimonov and Strel 1nikova (1974). 
Nomik (1973a) observed that addition of 10 percent metaphosphoric acid or 
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of sub I imed sulfur to tableted urea did not reduce NH3 loss on forest-covered soil. 
Yet, the addition of 5 percent by weight of a solution of concentrated ortho-
phosphoric acid or a fine-crystalline orthoboric acid to urea, reduced NH3Ioss 
50 percent during a 28-day exposure (Nomik, l973b). Sulfuric acid can also be 
used to reduce NH3 loss as reported by Filimonov and Strel'nikova (1974). 
Fenn (1975) studied the influence of mixing low and high loss ammonium 
compounds on calcareous soils. He mixed either NH4H2P04 or NH4N03 with 
(NH4)2S04. The results showed that the loss rate and total NH3 losses were 
reduced. The mixture of 30 percent NH4H2P04 reduced NH3 loss from 
(NH4)2S04 about 40 percent. 
Plant covers also reduce NH3 volatilization. Urea top-dressed on burmuda-
grass gave less NH3 loss than that top-dressed on bare soil (Kresge and Satchell, 
1960). The presence of corn seed I ings reduced NH3 loss by at least 60 percent 
in the alkaline soils studied and by lesser amounts in the acidic and neutral soils 
when NH4CI was applied as the N source, Mills et al. (1974). 
Ammonium and Nitrate Movement and Loss from Soil 
Effect of soil water on NH~ and NOj 
movement 
Sail moisture flow plays the most important role in N movement in the soil. 
Many sail scientists have devoted years to the study of N~ and NOj movement 
and losses from soil profiles . The amounts of N03 moved or leached below the 
soil root zone are closely related to the amounts of water added or leached 
through the sci I root zone. 
Krantz et al. (1943) found that NH~ was rather immobile in the soil but 
NOj was found to move freely with the soil moisture. Steward and Eck {1958) 
studied the movement of surface applied NH4N03 into a clay loam soil at the 
moisture equivalent and at 3-, 5-, 8-, and 15- atmosphere {bar) tension. The 
soil samples, incubated at constant temperature (18 C) and moisture for 14 days, 
were analyzed for N03 at different soil depths. They found that at the moisture 
equivalent downward movement of N03 progressed to a depth of 6.4 em, 
and to 5 em when the soil was at the 3- or 5- atmosphere tension, and to 3 . 8 em 
at the 8- and 15- atmosphere tension. They also found in the field that NOj 
movement down to the depth of 3.8 em was significant 10 days after application 
of NH4N03 to silt loam when wetted to its moisture equivalent. 
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Whitehouse and Leslie (1973) measured the movement of NH~ from anhydrous 
ammonia, urea, and (NH4)2S04 applied at 5 em depth to alkaline black clay at 
moisture content of field capacity. They observed that movement of NH~ was 
mainly lateral and vertical upwards. The higher lateral mobility of anhydrous 
ammonia (5 to 6.5 em from the point of N applied) is attributed to gaseous 
diffusion on oppl icotion. 
+ -Many researchers hove studied the N H 4 and N03 movements as related 
to the amounts of water added and passing through the soil profile. Results of 
the experiment of Ray et al. (1957) indicated that the migration of NH: was 
closely related to the movement of water. Bates and Tisdale (1957) found the 
movement of NOJ through soil to be very closely re lated to the quantity of 
water added and porosity of soil materials. A multiple regression equation was 
developed which permitted on estimate of the mean NO; movement from a 
knowledge of the values of the two variables of water added and soil porosity. 
Jurinok and Griffin (1972) also reported that NO; elution from s ilica sand was 
proportional to the volume of water eluted. 
Nelson (1961) studied the movement of NH: and NO; from different N 
sources that were bonded in two row treatments with controlled irrigation in a 
potato field. The distribution of N~ or NO; in the soil were similar from the 
applications of urea, (NH4)2so4, NH4N03, and aqua ammonia . However, 
Lyokh (1973) found that the mobility of N varied with the particular fertilizers 
used. It was greatest in the treatment with ammonia water, followed by 
(NH4)2so4 and urea. Broadbent et ol. (1958) reported that urea moved less 
rapidly than NO; portly because of rapid hydrolysis to NH: and port ly because 
urea itself is held by weak adsorption forces to the soil particles. 
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Results of Nelson's (1953) work indicated that under irrigated corn production 
+ NH4 did not move more than 7.5 to 10 em with application of 30 em of irrigation 
water; a moderate concentration of NO; moved to 27 em. But high concentra-
tions of NO; were found on the soil surface carried there by capillary water as 
water evaporated. He concluded from his experiment there is no advantage in 
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side-placing, side-dressing, or spl it-appl icatians over the broadcast and plowing 
method in fertilizing corn with NH4No3 in fine sandy loam soil. 
Nielson {1959, 1960) and Nielson and Banks {l96~reported that a large 
quantity of NOj accumulated in the bed {ridge) of the rows at the Oto5.0 em 
depth under furrow irrigation of 102 em of water, but at the 15 to 30 em depth 
under 69 em of water by sprinkling. It appeared that by furrow irrigation no 
appreciable amount of N03 was moved below the 59 em depth. It is probable 
that the distribution of NO; is different under a system of flooding or pending 
irrigation. With such a system, NOjlosses through leaching could be considerable. 
Effect of soil properties on N movement 
in soi s 
The movement and retention of NH~ in the soil were closely related to both 
texture and CEC of the soil {Ray et al., 1957). Movement of NH~ in a loamy 
find sand was predominately downward and lateral; but movement in a loam soil 
was nearly symetrical with slightly greater upward and lateral movement than down-
ward movement. Movement of NH: in loam having a CEC of 34.2 me/100 g soil 
was nearly equal in all directions, and much smaller in magnitude than movement 
in a loamy fine sand having a CEC of 3.2 me/ 100 g soil. Baswell and Anderson 
{1964, 1970) observed the NOj movement in loamy sand to be considerably greater 
than in a clay soil. Even with excessive rainfall {about 178 em), most of the 
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N recovered II to 12 months after oppl icotion was concentrated between the 46 
to 122 em depth with the largest accumulation occurring in the 61 to 91 em 
Ioyer. The mean movement of N in the loamy sand was consistently greater than 
that in the sandy cloy loom. Tyler et ol. (1958) observed that the over-all lateral 
+ 
and vertical diffusion of NH 4 appeared to be much greater in the coarse-textured 
soil. 
Movement of NOj from the surface of different kinds of cloy-sand mixtures 
maintained at -5 C was influenced by cloy types, kinds of exchangeable cation, 
and soil moisture contents (Moore, 1972). 
Jurinok and Griffin (1972) reported that CoC03 con adsorb NO; from 
solution . In the absence of CoC03, a 400 gm soil in a column reacted with 
about 34 percent of the added NOj, when I mg NOj- N was added as NoN03. 
When 100 g CoC03 was added to 300 g soil, the reaction of NOj to the soil in 
the column was increased by 62 percent . Nitrate adsorption in acid soils of 
Mexico and South America was observed by Kinjo and Pratt (1971o), and some 
volcanic -ash soils of southernChili con also adsorb N03 (Scholscho et ol., 1974). 
K injo and Pratt (1971o) reported that NOj adsorption increased as acidity of 
the suspension increased to about 3. 5 . A significant correlation was observed 
between the amount of NOj adsorbed and the amount of amorphous inorganic 
materials extractable with 0.5 N NoOH. They (1971b) also found that Cl- showed 
a slight preference for adsorption over NOj, and SO~ and H2PO~ were greatly 
preferred over NO; . Increasing the concentration of Cl-, SO~ and H2P0.4 
will cause a decrease in NO; adsorption. Thus, adding SO~ and NOj in the 
same column increased the rate of movement of NO; {Kinjo et al., 1971). 
NOj detention by an aggregated silty clay was enhanced when applied 
fertilizer was equilibrated with soil water I week before flood irrigation 
(Balasubramanian et al., 1973). They reasoned that equilibration in the soil 
involved diffusion of NOj into aggregate micropores where the N03 was less 
susceptible to transport in the flowing water which flowed mostly through the 
macropores during and soon after irrigation. 
Upward and downward movement of NO; 
linville and Smith {1971) found that in drier years NOj was concentrated 
in the upper horizon of the soil profile. With higher rainfall the NOj was 
concentrated more deeply in the profile. Similar results were also reported by 
Fox et al. (197Cland Krontz et al. {1943). 
Wetselaar (1961) reported that on a laterite red earth in northern Australia 
NOj accumulated in the top inch of the soil during the dry season {April -
October). The peak of accumulation was not at the surface but at the 2.0 to 2.5 
em depth. Above this depth the NOj content decreased I inearl y towards the 
surface; below this depth the NOj content also decreased. He concluded that 
the high NO; content was due to capil lary movement upwards of NOJ formed 
biologically in the subsurface during periods of adequate water content . 
In soil wet to near field capacity, NOj and moisture moved upward in 
winter (from warm to cold) and downward again in early spring (Campbell et al., 
1970) . The amount of NOj movement was negligible in soil wetted only to the 
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wilting point. NOj movement downward into the soil appeared to be appreciable 
from either a fall or winter application of K N03 to the soil surface (lvloore and 
White, 1973). NO; applied before the soil froze moved downward to a greater 
extent than when it was applied on frozen soil. NOj increases were found to 
a depth of 30 to 40 em in the experimental field plots . 
Effect of water on NOj leaching losses 
from the soil profile 
In lysimeter studies on N movement and loss through the soil profiles, leaching 
losses were directly proportional to the amounts of water moving through the 
profile during the spring months (Olsen et al., 1970 and Owens, 1960}. Losses 
ranged from 5 to 20 percent of the applied N from the low to high moisture 
rates. The amounts of fertilizer N leached out of the soil per 2.5 em of water 
in excess of 30 em ranged from I to 2 kg N/ha/ 2.5 em . 
A relationship between NOj distribution and movement of NOj in the 
field and the amounts of rainfall has been observed by many workers (Boswell 
and Anderson, 1964; Fox et al., 1970; Linville and Smith, 1971; Thomas et al., 
1973; and Wagner , 1965). 
Boswell and Anderson (1964} studied the rate and depth of movement of N 
applied as KN03 on fallow soil under field conditions. They found that almost 
all of the applied N was found in the 0-7 . 5 em and 7.5-15 em layers after 5 
weeks during which 5 em of rainfall occurred on a sandy clay loam and 4 em of 
rainfall occurred on a loamy sand. Even with a high accumulated rainfall, 
appreciable amounts of N were recovered ot the 91 to 183-cm depths of the 
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two soils 76 weeks after N was applied to the fallowed plots. Yet in areas of 
low rainfall (about 30 em) during fallow-wheat culture in Turkish soil, Fax, et al. 
(1970) reported that NOj leaching is of considerable magnitude during the moist 
season even when precipitation is as low as 10 em. Wetselaar (1962) also reported 
that rainfall is the most important factor affecting the movement of the NOj 
onion. The mean movement of the anions of NOj and Cl- was 2.7 em for each 
2 . 5 em of rainfall. There was a high positive correlation of 0.95 between the 
mean movement and amounts of rainfall. Terry and McCants (1973) found that 
in a specific soil of North Carol ina, leaching of ions was directly related to the 
amounts of percolating water. A concentrated fertilizer solution made from 
NH
4
N03, KCI, CaCI2, and MgCI2 was applied uniformly to the soil surface 
at a rate equivalent to that in a fertilizer band of 112, 168, II and II kg;ha of 
N, K, Co, and Mg, respectively, had been applied in 10-cm wide bands 107 
em apart. The order of leeching (mean movement) of the ions studied was 
Mt" > NOj > K+ = NH~. The greater leaching of Mg++ was in part explained 
by the low amount of Mg ++ in the fertilizer solution in relation to the other cations. 
Therefore, much of the applied Mg++ would have remained in solution rather 
than becoming involved in cation exchange reactions. 
Slow leaching of NO; formed from soil organic matter on soil in northern 
Nigeria is attributed to the combined effect of adsorption onto positive charges in 
the textural B horizon, high rainfall intensities (light runoff rather than 
percolation), and the presence of cracks and channels in the soil, down which 
water will pass quickly without leaching the newly mineralized NOj 
(Wild, 1972). Accumulative NO; and Cl- losses from a swelling cloy soil by 
22 em of drainage water for the period December 1971 through August, 1972 were 
15 to 20 percent and 18 percent, respectively (Kissel et al., 1974) . 
Linville and Sm ith (1971) applied NH 4N03 at rate of 134 kg N;ha to 
continuous corn plots annually for 6 and 7 years on different soil types and found 
no evidence of movement deeper than 244 em. The NOj content of the lower 
layers was s imilar Ia the no-nitrogen treatments, indicating that any leaching 
loss was low . The work of Thomas et ol. (1973) showed that a Iorge amount of 
NO; was lost from the 90 em depth of a silt-loom under killed sod plots, whereas, 
no NOj was lost from the convent ionally-tilled sod plots. They also found that 
the loss was attributed to lower evaporation from the killed sod (or mulch) soil 
and deep percolation of water and NOj through larger pores in the wetter 
mulched soil. Wagner (1965) also reported that there was a significant loss of 
NOJ through the subsoil in field plots receiving NH4N03 at roles of from 
224-448 kg N;ho. A high NOj concentration was found at a depth of 90 and 
120 em during the first 2 years. 
It is evident that the amount of water added and eluted through the soil 
profile will cause a directly proportional NOJ movement and leaching loss 
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from soils. However, the results obtained by Roney (1960) ore contradictory to the 
other reports. He studied the N leaching loss from the Lakeland sand so il in 
humid regions for 7 years and conc luded that the amount of drainage wate r mov ing 
through the soil profile hod I ittle effect on losses of either bases or of N . However, 
the amount of N that leached out was c losely associated with the content of bases 
in the leachates. Nitrate leaching lass in a 389-ha watershed under citrus 
orchard cover in southern California were reported by Bingham et al. (1971) . 
About 67 kg N/ha are leached annually. The source of N03 is considered to 
be primarily from N fertilizers applied at the rate of 146 kg N/ha/year. 
Takahashi (1968) applied labell ed (NH4)2S04 and K N03 at 56 and 168 
kg N/ha to sugarcane growing in a concre te drainage lysimeter. There was no 
marked leaching of N fertilizer, despite heavy rains. Some fertilizer N moved 
downward in the lysimeters, but the relative amounts were small. Uptake by 
plants was probably rapid. 
In areas of continuous annual N fertilization, NO; may accumulate and 
then leach out beyond the root zone. For instance, MacGregor et al. (1974) 
found that after II seasons of growing corn on untiled clay loam, considerab le 
N03 occurred to at least the 10m depth. 
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Soil profile characteristic may control the extent of NO; movement 
(Gentzsch et al., 1974 and Lund et al., 1974) . Lund et al. (1974) concluded that 
the N03 concentrations found in deep so il c ores we re influenced by the charac-
teristics of the soil profile, such as duripons and texture , which influence N03 
concentrat ion through their effect on nitrification, denitrification, and drainage 
water vo lumes. In Washington County, Washington, NOj levels in the water 
beneath a so il profile with natric horizons at intermediate or deeper depths were 
greater than NO; concentrations in deep so il leve ls of soils with natric hor izons at 
shallow depths. In some soils the N03 contents were related to recent fert il iza-
tion pract ices and animal activity (Gentzsch et al., 1974). Low NO; 
concentrations, however, was generally found in soils with shallow natric 
horizons irrespective of past practices. 
Although N03 leaching losses occur generally in the regions of high 
rainfall or overirrigation, consi de rable quantities of N03 can be lost from 
the soil in low rainfall areas. Graetz et al. (1974) applied NH4N03 to fine 
sand which was planted to millet. The amount of rainfall and irrigation water 
during the growing season was on ly 46.3 em. Approximately 45 perc ent of the 
added N was leached below 150 em, which was the root zone depth of millet. 
Microbial denitrification would not occur because the soil is well-drained and 
has I ittle biodegradable carbon (C) in the lower horizon. 
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Garwood and Tyson (1973) observed that N03 leaching losses were minimal 
during the period of active growth of plants or growing season, because N 
fertilizer is rapidly utilized by plants. However, when high leve ls of N fertilizer 
were applied (500 kg N/ha) to grass, up to 143 kg N/ha was found lost to drainage 
under low rainfall. Similar results were reported by Herron et al. (1968) with 
a high rate of N fertilizer applied to a silty clay loam and a silt loam cropped 
to irrigated corn. 
Power (1970) has presented a report dealing with N03 leaching loss under 
dryland agriculture in the N~rthern Great Plains of North Dakota. NH4N03 
was broadcast annually at a rate of 67 kg N/ha to spring wheat-barley rotation 
grown on silt loam from 1960 through 1963 . He reported that no inc rease in 
NOj due to fertilization could be detected at any depth in the soil in the year 
1967. It is indicated that leaching of NOj below the root zone is not likely to 
occur for annual small grains. However, he mentioned that in a spring grain-
fallow rotation, NOj could move below the root zone of spring grain during 
the months the soil has no crop or is being fallowed. 
Possible practices to reduce N03 
I each ing losses 
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The extent of N03 movement and leaching loss from the root zone depends 
on, among other factors, the amount of water passing through the soil and 
profile characteristics. Crop-so il management practices can also enhance or 
minimize NOj losses. 
Olsen et al. (1970) recommended that the methods to minimize N03 leach-
ing loss below the root zone should include (I) limiting rates of N fertilizer 
additions to that required by the crop, (2) reducing the number of crops that 
rece ive fertilizer N in the rotation, (3) maintaining a crop cover on the lond, 
(4) growing deep-rooted crops, (5) limiting irrigation water to the omounts 
required by crops, and (6) odding Pond K fertilizers for more efficient use of 
fe rtili ze r N. Kemper et ol. (1975) reported thot banding a fertilizer in the ridge 
10 em higher than the furrow irrigation 's water surface marked ly retarded the 
downward movement of the fertilizer salt to depths be low the root zone during 
over-irrigation. 
Denitrification can control the N03 ac cumulation in the soils. Arnimelech 
and Raveh (1974) added water to plots by sprinkling at a rate and frequency to 
avoid leaching. The watering kept the profile wet and induced anaerobic 
conditions. During the first doy, the content of NOj in the 0-30 em Ioyer 
dropped from 460 to 80 ppm. N03 reduction in the 0-120 em soil depth was 
about 50 percent at 7 days. Adding decomposable organic matter also enhanced 
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NOj reduction. Koepf (1974) has discussed the influence of fertilizing and of 
c ropping on N03 leaching from so il in the corn belts. Manuring with farm-
produced material is a dominating factor in reducing the NO- load in the drainage 
3 
water. 
Parker and Kohl (1975) reported that ground-up corn cobs added ot rates up 
to 40 tons/ho reduced N03 concentration in the top 30 em. He found that the 
amounts of N03 became smaller as the amounts of C applied increased in the first 
year. In the second year, reduced NO; concentrations occurred dawn to depths 
of 120-150 em. Landua et al. (1975) also found that adding municipal sludge 
minimized N03 leaching when liquid sludge was incorporated in the soil, 
especially where the sludge was buried in trenches. 
Nitrification inh ibi tors can also reduce NO- leaching loss from ammonical 
3 
fertilizers. Swoboda et al. (1975) applied N-Serve to black clay in field plots. 
Their results indicated that N fertilizers with N-Serve slowed the rate of 
nitrification and thus reduced NOj leaching. Banks et al. (1975) reported that 
S-cooted urea or N-Serve added to urea really reduced the N03 concentration, 
thereby the potential for N03 leaching is substantially reduced. 
Effects of N Fertilization on Wheat Growth and Production 
One primary purpose in this study with nitrogen is to evaluate some aspects 
of N fertilization of winter dry land wheat . These sections, following a rev iew of 
N reactions in soils, are a review of studies related to N fertil izatian of winter 
wheat grown in dryland conditions. 
+ -NH4 and N03 nutrition of wheat 
Some studies using wheat cultures have shown the effects of mineral N on 
the growth of wheat plants. Bayley et al. (1972) reported that the wheat cell 
utilized NH~ very quickly in media containing both NH~ plus NOj, but its 
growth was equal whether in a media with or without NH4. Nitrate reductase 
activity and glutamase dehydrogenase activity in the wheat cell did not vary 
significantly whether in the presence or absence of NH4 media. Cox and 
Reisenauer (1973) grew wheat seedlings from the age of day 6 to day 19 in dilute 
I iquid cultures. They found that the growth rates and yields of plants grown with 
NH~ added to the root media which already contained adequate N03 exceeded 
that of the plants grown in NOj or NH~ alone. Concentrations of added NH~ 
higher than adequate amounts caused depressed yields. In the aii-NH: 
+ 
system the growth rate was limited to less than the maximum potential by NH4 
toxicity; in the aii-NOj system, the rate of NO; reduction was the limiting 
factor. Increasing rates of NOj uptake by the wheat were associated with 
+ 
increasing rates of Co, Mg, and K uptake. In contrast, increasing rates of NH4 
absorption decreased Co and Mg uptake. They suggested that controlling the 
- + 
amount of nitrification could alter the proportions of N03 and NH4 absorbed, 
altering y ields, and reducing the amount of N leached from the soil profile. 
Wheat seedlings absorbed NH~ more than NOj when grown on a medium 
with both NOj + NH4 (Breteler and Smit, 1974). They found that nitrate 
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reductase activ ity was lower in the wheat tops than in plants growing in a medium 
+ 
having NO; alone. This resul t suggested that NH4 inhibited nitrate reductase 
activity. 
The maximum accumulations of N by wheat leaves and culms were at boot 
stage and at heading, respec tively (Lei and Sharma, 1973). The rate of N uptake 
genera ll y decreased after heading, accompanied by an increase in N accumula-
lion of the spikes. This indicates that N is translocated from other plant parts 
to the kerne ls of the spikes. N application increased y ields and mineral N 
uptake in wheat plants and plant parts. Singh and Anderson (1973) found similar 
resu lts. Plants continued to absorb some N from the soil until they matured . 
The amounts of N translocated from the lea ves, stem, and chaff was nearly 50 
percent of the total N accumulated by the whole plant at maturity . Kafkafi and 
Halevy (1974) also reported that the max imum absorption of N by semidwarf wheat 
occurred at the heading stage; two-thirds of the N was absorbed from sail layers 
between 40 and 80 em deep. 
Monem Balbo et al . (1972) studied the N uptake by wheat from so il in pots 
and from labelled (NH4)2SO 4 . Absorption of fertilizer N was ma inly during the 
pe riod from tillering to ear-emergence but was affected by the time of application. 
Early application of fertilizer N (at seeding) caused a great absorption to be from 
so il N; more than 50 perc e nt of the plant N content at maturity was absorbed 
by the plant from the so il N during the period of growth from emergence to 
tillering . During the period from tillering to ear-emergence, a bsorption of 
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fertilizer N was significant. Law N absorption from both sources occurred during 
the period from ear-emergence to maturity. 
Methods of N application 
Generally, fertilizer N is applied at the time of seeding for convenience 
and time saving. The efficiency of N utilization depends on the properties of 
the soils and on climatic conditions. Although sail application of N fertilize rs 
is widely used in wheat production, foliar N application has recently been 
investigated and may become one of the possible practical methods to increase 
yield and quality of wheat grain. 
The efficiency with which wheat plants could utilize N applied either as a 
spray or as a so lid tap-dressing appear to be largely dependent on subsequent 
rainfall. Cooper (1974) reported that spray and solid-planting applications of 
urea and NH
4
N03 significantly increased grain yield and protein content of 
wheat . The application rates from 45 to 90 kg N/ha did not cause significant 
differences in grain yields. Time of application of urea spray had no effect on 
grain yie ld, but protein content was increased by the later urea spray. The 45 kg 
N/ha rate was the most effective in foliar application. Filip'ev et al. (1973) 
found that the 5 percent urea solution gave the best results when the weather 10 
days after spraying was hot and dry, but higher concentrat ions were equa ll y 
effective in a cooler year. Vitreousness, the contents of protein, crude and dry 
g luten, flour strength, and bread loaf volume were maximal when urea spraying 
was done within 10 days after earing or at the milky stage. Gorshkov and Verevka 
(1 973) suggested that early tap-dressing with NH 4N03 together with foliar 
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spraying of urea at ear formation improves grain protein and gluten contents of 
a hard wheat . 
Field experiments conducted by Jain and Agrawal (1973) indicated that a 
single spray of urea N is less effective than split applications of the same quantity 
of N. They found that two sprays applied 30 and 35 days after planting gave 
higher yie lds than sprays applied at earlier growth stages . 
Soil application of N is more eff icient than foliar applications in increasing 
y ield parameters (Nerson and Korchi, 1972) . In their pot experiment, N applied 
to the leaves had an immediate but re latively short- lived effect and raised wheat 
y ields mainly by increasing grain weight in the main spike . On the other hand, 
N applied to the soil had a delayed but long-last ing effect and increased plant 
y ield by additional higher-yielding early and late tillers. Alkier et al. (1972) 
also found that in a glasshouse experiment less than I percent N from NH4N03, 
urea, or (NH4)2so4 was absorbed into the grain when given as a foliar applica-
lion . G e nerally, over 30 percent of theN from these fertilizers was absorbed 
when applied to so il . For effective use of foliar applications, several appl ica-
lions, which are expensive, would be required . 
Effect of N sources and time 
of application 
Gabor Ahmed and Dofallo (1973) applied urea and (NH4)2so4 to wheat 
grown for three consecutive seasons and found that groin yield of wheat was 
significantly influenced by rates and times of applica tion but both forms of 
fertilizers behaved similarly. Optimum economic yield was obtained with 34-45 
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kg N/ha with half of the N applied at sawing and the other half at the flagging 
stage. Later Ayoub {1974) reported that under the same climatic conditions and in 
calcareous clay soil, urea produced higher grain yield than did (NH4)2S04, 
nitrophoska, Ca(N03)2, or ammonium sulfate nitrate, each applied at 70 kg N/ha. 
Max imum grain yields were obtained with the application of Nat the tillering and 
jointing stages . This experiment was conducted under adequate irrigation. But 
under unirrigated experiments reported by Fried et al . (1975), 15N applied at plant-
ing and tillering gave a higher percent N in grain than that applied in the latter 
stages. The differences in amount of N taken up from NH 4N03, urea, and 
(NH4)2so4 were small. Generally, N is more efficiently used when applied at 
tillering. 
On highly calcareous alluvial soil, calcium ammonium nitrate increased 
yie ld of wheat and percent N in the grain as compared with urea, ammonium 
sulfate nitrate, and (NH
4
)2so4 (Gupta and Narula, 1973). In a pot experiment 
on a mixture of alluvial soil and sand, Atanasiu et al. (1971) reported that grain 
yields were greater with (15NH4)2S04 than with Ca(
15N03)2· Generally, N 
uptake was greater from (NH4)2S04 throughout all stages of growth and N uptake 
from (NH4)2SO 4 was about equally effective when applied at 29 and 65 days 
after planting. 
Under sparse fall rainfall a single pre-sowing application of urea or NH 4N03 
incorporated to a 8-10 em depth by a rotavator was equal in effectiveness to a spl it 
application between the pre-sowing application and a top-dressing in early spring 
(Nikdov et al . , 1975). They also found that an equal amount of fertilizer split 
into three applications resulted in lower y ields and did not improve wheat 
quality. About equal yields resulting from urea and NH4N03 were reported by 
Vanik (1974). But NH 4N03 was more effective than urea in increasing Cu and 
Mo contents in grain. 
In West Pakistan, Hamid (1972) found that NaN03 caused higher wheat 
production than did (NH4)2so4 on clay loam soil having a pH of 8.1 . N app lied 
at tillering was utilized most effectively. Splitting theN application to add 
parts of it at seeding, tillering, and the boot stages increased grain y ield 
significantl y . 
48 
Clapp (1973) reported that in North Carol ina applying all the N as NH4N03 
at seeding on a clay loam was as effective for high grain yields and high test 
weights as was using split applications. The 112 kg N/ha applied in October 
(seeding) was sufficient for maximum yields. But on fine sandy loam soil grain 
yields were lower for the application in October compored to an application in 
February . In Maryland, Standford and Hunter (1973) found that spring application 
of (NH4)2S04 was more effective than fall application. Spring application also 
gave higher protein contents than fall application (Hunter and Stanford, 1973) . 
Spratt (1974) studied the effect of NH4 and NOj farms of fertilizer N in 
growth chamber and fie ld experiments using (NH4)2SO 4' NH4N03, and Ca(N03l2 
as N sources. He found that fertilizer N app lied as NOTN when the grain heads 
emerged inc reased the percentage N in the grain more than when applied as 
NH4-N. A split application using NH4 -N applied at sowing (with a nitrificat ion 
inhibitor) to give maximum leaf and stem growth and N03-N applied later at the 
boot stage to increase grain protein level may be worth considering for producing 
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high yields and good quality groin . Cox and Reisenauer (1973) have also suggested 
this technique to increase yields of wheat. 
Fertilization of wheat in dry land areas 
Moisture and N are generally the main and interacting factors limiting wheat 
growth on dry land areas. A 4-yeor study of the relations between wheat yields 
and various edaphic, cultural,and climatic factors in the wheat belt of Southern 
Ne w South Wales by Taylor et al. (1974) indicated that seasonal rainfall is the 
major cause of yield variation. They also found that under optimum rainfall 
conditions soil NOTN level restricted yields wherever the concentrations in 
the surface 30 em of soil ore below 20 ppm. Smiko and Greb (1973) reported 
that maximum yields were obtained with 28 em of soil water available at seeding 
time. At least 106 kg NOTN/ho in a 1.2 or 1.8 m profile at seeding time was 
needed to obtain wheat groin with 12 percent protein in the Central Great Plains. 
In these areas they also found that there was a correlation between protein content 
of wheat groin and both available soil water at seeding plus N03-N in the soil 
profile (R2=0.86). 
Soil and cl imotic factors influenced hard red spring wheat response to 
fertilizer N in southwesiern Saskatchewan (Read and Warder, 1974). The 
variables that c ould be measured before seeding (stored moisture and soil 
nutrients) hod the greatest influence on the response to added fertilizers. But 
rainfall during the growing season hod a greater influence than stored soil moisture 
on the 1iel d and protein c ontent of groin of wheat grown on unfertilized plots . 
N fertilization and its effect on water use effie iency by dry land winter wheat 
were reported by Brown (1971) and Singh et al. (1975). Brown (1971) applied 
NH4N03 to winter wheat before seeding. Wheat was found to extract soil water 
largely from the upper 90 em when no N was added. However, wheat extracted 
water to depths of 183 em when fertilizer N was added. Stored soil water, 
rather than seasonal rainfall, supplied 30, 55, and 76 percent of the available 
water used by the plant to 183 em when wheat received 0, 67, and 268 kg N/ha, 
respectively. From the results Brown concluded that N application increased 
yields, water use, and water use effie iency. 
Spratt and Gasser (1970) studied the effects of different forms of N on wheat 
growth in the field and in pats in the glasshouse. They found that with adequate 
water, wheat produced the most dry matter (and grain) and contained the most N 
when supplied with N03-N. However, when water was short and wheat growth 
was limited, NH 4-N was as good as or better than N03-N. He suggested that 
in semiarid climates, NH~ fertilizer far wheat may be as good as, or better than 
N03-N. In humid climates, however, NOj materials may be better, provided 
it is not subject to heavy losses by leaching or denitrification. 
In dryland grain production at North Dakota, Alessi and Power (1972) 
observed that grain yields far an 8 year period were significantly higher when 
+ -
supplied conventional NH4 and N03 sources than when fertilized with the 
slaw-N-release material, urea-formaldehyde (nitroform). Also, residual N 
from urea-formaldehyde fertilization was less effective for subsequent grain 
- + production than residual N from N03 and NH 4 forms. Other lower solubility 
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N sources, such os S-cooted urea, were also found to be less effective than 
conventiona l fertilizer sources for small grain production in 48 states and in more 
than 50 countries for a variety of soils and climatic conditions (Diamond, 1975). 
+ -That conventional NH4 and N03 sources of fertilizer N are superior to urea-
formaldehyde for small grain production in semiarid regions was also reported by 
Alessi and Power (1973). 
Knott (1974) reported that under Saskatchewan's dry climatic conditions, 
wheat cult ivars differ greatly in response toN fertilizers. He found that the 
heaviest application of fertilizer (90-122 kg N/ha) did not produce sign ificant 
increases in yield beyond those produced by the lower applications (45 kg N/ha). 
The most economical response of dryland winter wheat grain to added fertility 
on a Miles fine sandy loam in Texas was with fertilizer added at 30 kgjha of 
both Nand P (Mulkey, 1971) . Pavl ov and Mineer (1974) found that in general, 
addition of 90 to 120 kg N/ha gave a high yield of protein-rich grain in the Soviet 
Union. They suggested, however, that a late N top dressing is unset isfactary 
under conditions of dry sail and sparse stands of wheat. 
Fert ilizing winter wheat in Utah 
M:>isture and N are twa important interrelated factors that I imit crap pro-
duct ion on dry land farms in Utah. Early work of Peterson (1943) showed that 
inc reased yields of winter wheat are obtained by the use of (NH 4)2SO 4 or 
NaN0
3 when 
applied broadcast in the early spring on winter wheat. Nitrate 
forms may be more effective per pound of N than ammonium forms (Niel son and 
52 
Von Epps, 1960, 1966; and Peterson, 1943, 1952). This is probably o result of one 
or all of the following: {I) failure of the ammonium form to be moved by rainfall 
from the surface into the root zone; {2) inadequate uti I izotion of ammonium or 
lock of oxidation to the nitrate form; and {3) loss of NH3 by voloti l izotion . 
When moisture is favorable, wheat in most areas respond to N appl icotion 
with increased yields, protein content s, or both {Nielson and Von Epps, 1960, 
1966: Peterson, 1952; Peterson et ol., 1953) . When the annual rainfall is less 
than 28 em {II inches), N fertilization wi ll probably not produce profitable 
increases in yields. When the annual precipitation was near the lower limit for 
producing drylond gro in or rainfall was below normal, N applications affect 
protein content more than yield {Niel son and Von Epps, 1955) . Indications 
ex is ted that no opprec ioble difference ex is ted between sources of N or between 
times of application. The yields va ried from o low of 6 bushels per acre too 
high of 45 bushels. Protein content ranged from 8 to 17.4 percent. 
At the Blue Creek Experimental Station in northern Utah there was o 
sign ificant linear response to added N, but added phosphorus caused little 
measurable effect on yields {Niel son and Von Epps, 1966). 
In the northern Utah counties of Box Elder and Cache, early spring applica-
tions hove produced higher y ields than hove foil applications. This may be due to 
N losses from fall oppl icotion. Greaves and Bracken {1946) emphasized that 
seasonal distribution of rainfall was more important than the yearly total. Asfour 
(1950), in analyzing the Nephi station doto from 1908-1949, found that spring 
rainfall in the cropping season was the most important foetor in crop production, 
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producing o correlation of 0 . 556 with yield, while the correlation between yield 
and annual rainfall was only 0.366. He also found that correlation with tempera-
ture did nat improve the correlation. Nielson and VanEpps (1960) concurred 
with this observation by reporting that spring storms influenced yields more than 
did storms at any other time of the year. 
For 25 years, a number of trials have included (NH4)2so4 and NH4N03 
fertilizer additions as treatments. Without exception, the NH4N03 treatments 
have either been equal to or better than the (NH4)2S04 treatment . Placement 
of fertilizer with the seed at time of planting has produced yields either equal 
to or better than those obtained from broadcast applications. When broadcast is 
done in the spring, it can be satisfactorily done as early as mid-February or as 
late as mid-April, as long as the N is moved into the soil by spring storms 
(Nielson and Van Epps, 1966). 
Van Luik (1975) found that N sources and treatments within sources were 
responsible for the large difference in mineral N measured in the 0-30 em sail 
depth which was recoverable 3 weeks after treatments. The grain yield averages 
from wheat receiving 56 kg N/ha applied before and after seeding were 2088, 
2040, 1816, and 1686 for NH4N03, (NH4)2so4, Ca(N03)2, and urea, 
respectively. Lower yields may be due to the higher initial mineral N losses 
for Co(N03)2 and urea. He also reported that the favorabil ity of the moisture 
regime in the latter stages of growth may also affect the yield and prote in 
content. 
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Statement of the Problem and Objectives 
A review of the I iterature shows that law recovery of added N is believed 
to be a tt ributed in considerable part to gaseous losses, especially in the form of 
NH
3 
from calcareous soils following surface or shallow application . The amounts 
of losses depend on variations in environmental conditions, consequently these 
wi ll regu la te the efficiency of N recovery by crops. 
In semi-arid or dryland farms o conside rab le amount of NH3 loss may occur 
because of the higher soi l pH, rapid soi l moisture drying and higher temperature 
during the growing season. Less yie ld of winter wheat from fall appli cation of N 
fertilizer may be due to NH
3 
loss prior to the absorption by wheat. 
These same soils of CaC03 content may have NOj - N leaching loss 
during the period of frequent intensive rainfall or long period of snow melting in 
ear ly spr ing. The information concerning NH3 loss from fertilized soil s, mineral 
N distribution in the so il profile, N movement, and N recovery by winter wheat 
are not adequate in order to predict the N fertilizer use effie iency. A review of 
the I iterature failed to clarify whether the N sources influence the yields, the 
mineral N distribution in the so il profile, or any N loss in the dryland farms 
in Northern Utah . 
The ob ject ives of this study, therefore, are: 
I . To eva luate several N carrier as sources of mineral N to winter wheat 
and effect on y ields of these carriers. 
2. To measure the mineral N concentration patterns in the field sail 
profile through the growing season of winter wheat grown in the field. 
3 . To evaluate the patterns of N movement in the soil profile. 
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4. To measure the NH3 loss under different environmental conditions after 
N fertilizer application for the soil at the Blue Creek Experimental Station. 
MATERIALS AND METHODS 
Experiment I. Effects of Nitrogen Sources on Winter 
Wheat Yields ond Mineral Nitrogen in the Soil 
The experimental field was located at the Blue Creek Experimental Station 
in northeastern Box Elder County, northern Utah. The soil of the experimental 
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site has been classified os Parleys silt loam, 6 to 10 percent slopes, a member of 
the fine-silty, mixed, mesic family of Calcic Argixerolls. General characteris-
tics of the Parleys series soi ls are that they occur in upland elevations from 1260 to 
1680 m, ore well-drained, have a moderate erosion hazard, and are in a 380-
460 mm annual precipitation area with a frost free period of 110 to 130 days. 
Primary use of the soils is for nonirrigated small grains, with a non irrigated land 
use capability unit designated as II le-U . The surface 15 em of soil near the exper-
imental si te contains 0.10 percent N, 1.2 percent organic matter, 24 ppm 
NaHC03-soluble P, 291 ppm exchangeable K, EC of the saturated paste extract 
of 0.6 mmhos/cm at 25 C, 0.1 percent CaC03, and a saturated paste pH of 7. 0 
Water relations for this so il were characterized in a recent pub I ication, 
Soil Survey of Box Elder County (1975). Permeability was found to be moderately 
slow, with a slow to moderate intake rate. The available water-holding capacity 
to a depth of 150 em is 25 to 30 em of water. Roots may penetrate deeper than 
150 em. Usually strong I ime accumulation was found at about the 85 em depth. 
The annual overage of 12 years of precipitation is about 370 mm, with the 
period of Experiment I (September 17, 1973 to July 18, 1974) having a below 
overage value of 226 mm of precipitation and with the period of Experiment II 
(October 10, 1974 to August 8, 1975) having nearly overage precipitation of 
361 mm. Table I shows these data. 
Table I. Mean monthly precipitation and monthly precipitation during the period 
of Experiment I (September 17, 1973 to July 18, 1974) and Experiment II 
(October 10, 1974 to August 8, 1975) at the Blue Creek Experimental 
Station, northern Utah. 
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Month Precipitotion° Month Precipitotionb Month Precipitationc 
(em) (em) (em) 
January 3.05 January, 1974 4.65 January, 1975 1.65 
February 2.46 February 2.18 February 2.54 
March 3.05 Morch 1.14 Morch 7.19 
April 2.95 April 3.81 April 3.05 
May 3.30 May 1. 02 May 4.98 
June 4.80 June 1.02 June 2.54 
July 1.73 July 18,1974 0.13 July 4.34 
August 2.39 August 8, 1975 0 
September 5.28 Sept.l7, 1973 1.22 
October 3.02 October 1.52 Oct. 10, 1974 6.22 
November 2.49 November 2.16 November 2.03 
December 2.36 December, 1973 3.76 December, 1974 1.52 
Total 36.88 22.61 36.06 
"<!from 1963-1974; usually snow cover exists from December to April . Data 
c~llected by R. F . Nielson and R. L. Cartee. 
Data for Experiment I. 
c Data for Experiment II. 
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This investigation was designed to study the effects of N sources on soil 
NH4-N and N03-N during the growing season and on winter wheat yields. The 
field plan consisted of a randomized block design with 4 replications . Each 
replication had 4 treatments of N sources. The unfertilized plots were used as the 
control treatment. Fifty-six kg N;ha from {NH4)2S04, NH4N03, or S-cooted 
urea {39 percent N) were applied broqdcast before the wheat seed was drilled. 
Some incorporation occurred by the seed drill action. Individual plots were 
9.14 m {30 feet) long and 3.66m {12 feet) wide. The distance between 
replications was 18.29 m (60. feet) . The field plot layout and treatments ore 
shown in Figure I. Wheat was planted on September 17, 1973 and harvested on 
July 18, 1974. 
Rep I icot ion 
II Ill IV 
S-cooted urea Control Control NH4N03 
- · 
NH4N03 {NH4)2S04 S-cooted ure~ Control 
Control S-cooted urea NH4N03 {NH4l2S04 I 
{NH4)2S04 NH4N03 {NH4)2so4 S-cooted ure~j 
--
Figure I. Experimental plot layout of Experiment I in the field. 
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Soil samples ot depths of 0-30, 30-75, and 75-120 em were token using a 
screw auger. Each sample represented a plat consisting of cores obtained from 
6 holes within that plot. Two cores each were taken from the furrow bottom, the 
middle of the ridge slope, and the top of the ridges of the corrugations formed by 
the seed drill. Samples were taken at least 50 em from the boundaries of the 
plots to ovoid the border effects. All samp les were combined and mixed thoroughly 
in the fie ld before transferring them to polyethylene bags. 
The soil sampling dotes were on October 5, 1973 (18 days after fertilizing); 
November 2, 1973; April 20, 1974; and May 18, 1974. These sampling dates are 
referred to as the October, November, April, and May samplings, respec ti ve ly, 
for convenience. All samples were frozen immediately after reaching the 
laboratory. 
Grain yields were measured from four sample areas of 0 .9 m2 each in each 
plot. The grain wos threshed and weighed far yie lds from each plot. 
Grain samples were stored in closed polyethlene bags at room temperature 
until analyzed for total N (Kjeldahi-N) . 
+ -So il samples were analyzed for mineral N (NH4 and N03) by the steam-
disti llatian method described by Bremner (1965). Each rep I icate topsoil sample 
was analyzed 4 times but below 30 em sing le analysis was done on each sample. 
Nitrite nitrogen was assumed to be negligible in all of these analyses, and was 
not separately accounted for in this study. 
The total N content in wheat grain was determined by using a Macro-
Kje ldah l procedure as described by Bremner (1965) which is used in the Soil 
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Testing Laboratory at Utah State University. Briefly, the plant material was 
digested by concentrated H
2
SO4 and digestion mixture, which consists of 
anhydrous powder of sodium sulfate, anhydrous powder of copper sulfate, and 
powder of selenium metal. After digestion, the NH3 was determined by the 
additions of concentrated NaOH solution (40-45 percent NaOH by weight) and 
zinc for smooth boiling distillation, and titration of the NH3 trapped in 2 percent 
H
3
BO 
4 
solution, using standard H2so4 . The indicator used was bromcresol green 
and p-nitrophenol solution and new cocc ine. 
Row N percentages ca lculated from the data provided by this Mocro-
K jeldohl procedure were converted to protein percentages by using the conversion 
factor of 5.7 (times total N) for groin as recommended by the Association of 
Offic iol Analytical Chemists (Horwitz, 1970). 
Experiment II. Nitrate Movement in Soils Receiving 
Ammonium Nitrate and Planted to Winter Wheat 
The study of NO; movement was conducted on soil at the Blue Creek 
Experimental Station, Box Elder County, northern Utah. The soil at the experi-
mental site is T imponogos silt loom, I to 6 percent slopes, a fine-loamy, mixed, 
mesic family of Calcic Argixerolls. Runoff is medium, and the hazard of erosion 
is moderate. The soil is deeper and at a lower position adjacent to the Parleys 
silt loom used in Experiment I. Therefore, its general properties ore similar to 
those of Parleys si lt loom as described in Experiment I. 
Usually this sail series is used for nonirrigated sma ll grain. Its Land Use 
Capability unit is llle-U. 
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A duplicated plot design was set up to study the potential downward move-
ment of NO; and bromide (Br-) in the soil profile. There were 4 plots with N 
and 4 plots with Br- added. After winter wh~at seed was drilled, on October 10, 
1974, ammonium nitrate and potassium bromide (KBr) were broadcast at the rates 
of 400 kg Nand 200 kg Br/ho, respectively. Bromide was used to estimate the 
maximum potential leaching of on anion such as nitrate because its occurrences 
ore generally low (Bowen, 1966; Vinogrodov, 1959), and bromide is not regarded 
as particularly toxic to plants (Martine, 1966). The use of bromide for following 
the potential path of nitrate movement through soi l has been recently reported 
by Hargrove et ol. (1972), Hargrove and Bausch (1975), and Smith and Davis 
(1974). 
The individual plot size was 7 m long and 3m wide. The field layout and 
treatments are detai led in Figure 2. 
Before the applications of NH4N03 or KBr, soil samples at 15 em incre-
ments from 0 to 120 em depth were token from the control plots. Each sample was 
o composite of 4 cores. 
After the material oppl ico tions, the f irst soi l sompl ing dote was November 5, 
1974. Soil samp les were taken periodically using screw auger at depths of 0 to 15, 
15 to 30, 30 to 45, 45 to 60, 60 to 75, 75 to 90, 90 to 105, and 105 to 120 em 
for plot No. II, Ill, IV, and V, but from 0 to 60 em at 15 em increments for 
plot no. I, VI, VII, and VIII. Samples within the depths of 0 to 30 em, 30 to 
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VIII VII 
I 
N 
I 
N 
Br N + Br c N + Br c Br 
No. II Ill IV v VI 
Plot No. T reotment (Materials applied) 
I and VI Br (K Br) 
II and IV N + Br-(NH4No3 + K Br) 
Ill and V Control (none) 
VII and VIII N (NH4N03) 
Figure 2. Experimental plot layout for Experiment II. 
60 em, and 60 to 120 em were each composites of 10 cores, 8 cores, and 4 cores, 
respectively. Half of the total cores were taken in the top of the ridges and the 
other ha lf in the corrugation bottoms. All samp les were kept in polyethylene 
bags and frozen immediately after reaching the laboratory. 
The second soil sampling date was May 28, 1975. Soi Is were sompled by 
taking four 150 e m cores from eac h plot with a hydraulic probe, and dividing 
them into the following increments: 0-15, 15-30, 30-45, 45-60, 60-75, 75-90, 
90-105, 105-120, 120-135, and 135-150 em. All samples were combined and 
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homogenized in the field before keeping them in polyethylene bags. Since 
observations on earlier samples showed no appreciable changes upon air-drying 
(Van Luik, 1975), samples were air-dried at room temperature, homogenized 
through a 2 mm sieve, and stored in the freezer room until N analyses were made. 
Stra w and grain yields of winter wheat were measured at the harvesting 
time on August 8, 1975. Each plot hod 2 areas of 0 . 9 m2 each harvested. The 
grain was threshed by hand and the total straw and groin yields were measured . 
All so il samples were analysed for NH4-N and NOTN using the method 
described by Bremner (1965), assuming N02-N was negligible. 
Strow samples, groin samples, and soi l samples were analysed for total N 
by the Mocro-K jeldohl procedure as used in Experiment I. The brief procedure 
has been prev iously given in Expe riment I. Percent protein contents of groin 
yield were estimated as described in Ex periment I. 
Bromide content was determined on air-dried soil samples. Twenty-five 
milliliters of 0.5 N K2so4 so lution was added to the oven-dry equivalent of 
2.50 g of soil, shaken for 10 minutes, and filtered. The bromide content was 
measured us ing a bromide electrode. 
Th e total Nand bromide contents in the so il profile in ppm were converted 
to kg/ha by using the bulk density of the sail . 
The precipitation occuring at the Bl ue Creek Experimental Station, northern 
Utah , during the time of the study wa s previ ously given in Table I. The 
maximum, minimum, and mean air and soil temperatures at a 2.5 em depth are 
shown in Table 2. 
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Table 2 . Maximum, minimum, and mean air and soil temperatures at 2 o5-cm 
depth at the Blue Creek Experiment Station 0 
Air temperature, a C Soil temperature, a C 
Month 
Max Min Mean Max Min Mean 
January 10 -17 - 4 0 - I - I 
February 9 -15 - 3 - I - I - I 
March 18 -9 5 19 - 3 8 
April 21 -5 8 21 0 II 
May 28 -I 14 29 2 16 
June 31 5 18 36 8 22 
July 33 II 22 38 14 26 
August 32 8 20 37 13 25 
September 28 15 31 7 19 
October 23 12 25 2 14 
November 17 - 4 7 15 2 9 
December 10 - 12 - I - 2 - I 
Average 22 
- 3 10 21 3 12 
0 Dota from 1965 to 1968 and 1973 to 1975; collected by Ro F o Nielson and Ro L. 
Cartee. 
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Experiment Ill. Ammonia Volatilization from Soils 
Receiving N Fertilizers 
The NH3 volatilization from N fertilizers applied to soil was conducted 
mostly in the laboratory. 
A Timpanogos silt loam was used for most of this study, but some other soils 
were used in certain studies. The 15 em surface soil used was air-dried, ground 
to pass through 2 mm sieve, and well mixed. 
A diagramatic sketch of the apparatus for collecting NH3 volatilized 
from the soil is shown in Figure 3. 
Pressure release valve 
From air .-
compressor NH3 gas 
collector 
Sealed air-exchange 
chamber 
Sealed bottom --+1---'=--------' 
2 % boric acid 
solution 
Plexiglass cylinder 
(8. 9 em diameter x 20 em) 
Figure 3. Diagrammatic sketch of apparatus used in determining NH3 
volatilization from soil. 
About 1200 g of soil was mixed well and placed in o plexiglass cylinder 
having dimensions of 8. 9 em inside diameter by 20 em long. The soil sample 
filled the cylinder too height of about 15 em; a 5-cm tall space was used as an 
oir exchange chamber. The cylinder with sample was tamped gently on a lab 
bench to settle the soil. Distilled water equivalent to field capacity of the 
soil (23 percent) was slowly added by the use of a funnel touched to the inside 
wall of the cylinder to avoid the disturbance of the soil surface. The wetted 
cylinder was allowed to equilibrate for 24 hours before NH3 volatilization 
experiments were started. 
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The rote of compressed air flow into the gas exchange chamber was adjusted 
by measurement to a flow rote approximately 1.2 liters of air per minute. 
Although no precise method of maintaining this rate of air flow was available, it 
was held as nearly constant as possible by adjusting the release valve and the 
visual estimate of bubbling rate which was periodically evaluated by flow 
measurements . The air flow should have replaced the gases in the air exchange 
chamber about 4 times per minute. 
Evolved NH3 was collected in o solution of 2 percent boric acid. The 
boric acid was titrated with standard H2SO4 using a mixed pH indicator of 
bromcresol green and p-nitrophenol, and the NH3 content calculated. Checks 
on loss of NH3 through the boric acid in the collector vessel by connecting 
several collectors in series indicated that no NH3 escaped through the first 
collector if the rate of NH3 loss was less than 5, 000 ~g NH3-N per day. 
Essentially no measurable loss of NH3 was observed when the soi l was aerated 
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during the experimental periods without the addition of N fertilizer. Therefore, 
it was assumed that most or oil NH3 volatilized wos formed from theN fertilizers 
added. 
Modifications of some basic factors involved in the studies of NH 3 
volotil izotion were given in each specific experiment . 
Standard statistical procedures were used to aid in the interpretations of 
some experimental results and the significant differences between the treatments 
mentioned in the results and discussion were significant at the 0.05 level. 
RESULTS AND DISCUSSION 
Data from some of the individual rep I icates which are not tabulated in the 
text are shown in the Appendix. 
Experiment I. Effects of Nitrogen Sources on Winter 
Wheat Yields and Mineral Nitrogen in the Soil 
Environmental conditions prior to the 
soil sampling times in fall 1973 
At the planting date on September 17, 1973, the sail surface was dry but 
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the soil below the surface was moist due to 1.55 em and 6.22 em of precipitation 
on September 4 and 10, 1973. No soil temperatures were determined in September 
1973 . The averages of the maximum and minimum soil tempe ratures at a 2.5 em 
depth for the years 1965 to 1968 and 1973 to 1975 were 31 C and 7 C. The amount 
of rainfall from September 17 (planting and fertilization) to October 5, 1973 
(soil sampling date) was 1.22 em. During this time wheat germination and root 
initiation occurred. Low evapotranspiration was assumed to occur during this 
period because of the general coolness. 
The averages of the maximum and minimum so il temperatures in October 
1965 to 1968 and 1973 to 1975 at the 2. 5 em depth were 25 C and 2C . In October 
1973 the corresponding temperatures were 24 C and -3 C. The amount of rainfall 
from O.otober 5 to November 2, 1973, was I. 52 em. During October the wheat 
was in the early tillering growth stage . 
Grain yield, protein content and N 
content in the winter wheat groin 
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The primary goal of N fertilization is to produce high yields and high 
quality grains by management practices which ore agronomically sound, economi-
cally feasible, technically possible, and profitable to the growers. 
Grain yields, protein contents, and N content in the groin of winter wheat 
grown at the Blue Creek Experimental Station in September 1973 to July 1974 are 
shown on Table 3. Nitrogen fertilization with NH4N03, (NH4)2S04 and SCU 
increased the measured wheat grain yields but the increase was not significantly 
Table 3. Grain yields0 , protein content, and N content in the grain yield of 
winter wheat grown from September 17, 1973, to July 18, 1974, at the 
Blue Creek Experimental Station. The soil received 56 kg N;ha from 
various N sources broadcast before planting. 
Grain yieldb 
Grain N content 
Protein content in grain yield 
N source kg;ha % kg N;ha 
Control 1990 0 9.33 a 32 .2 a 
NH4N03 2292 a 12.20 b 49.0 b 
(NH4)2so4 2290 a 12.08 b 48.3 b 
S -coated ureo 2322 a 11.08 b 44.5 b 
0 Grain yield and protein content were based on 70 C dried weight basis. 
bletters in each column followed by different letters ore significantly different 
at the 0.05 level . 
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different from the unfertilized wheat yield. However, all three N sources 
increased the percentage of grain protein and N content in the grain significantly, 
according to statistical comparisons. All sources of N gave similar grain yields. 
These findings were in agreement with the report of Diamond (1975) which 
indicated that SCU had little or no advantage over soluble sources far small 
grains . Slightly lower protein content was found in the SCU plot. Other N 
slow-re lease fertilizers, such . as urea-formaldehyde, have been found to be 
inferior to ammonium and nitrate farms in semi-arid or dryland grain production 
(Alessi and Power, 1972, 1973). 
The patterns of mineral N in the soil 
profile with depths and sampling dates 
Mineral N in the 0-30 em soil depth on October 5. The mineral N in the 
0-30 em soil layer as a result of different N sources and at different soil sam piing 
times are shown in Figures 4 and 5 (or Table 19). The soil temperature and 
moisture in September was favorable for soil N mineralization. The soil, 
classified as Argixeroll, has 1.2 percent organic matter in the surface horizon 
and a high base content. The mineral N in the 0-30 em deep soil layer apparently 
increased considerably from the fertilizer appl icotions of 56 kg N;ha of NH4N03 
and (NH4)2SO 4 during the 18 days after N fertilization. The values of mineral 
N of plots receiving NH4No3 and (NH4)2so4 were 172 and 119 kg N;ha. The 
expected value if no acceleration of soil N mineralization was caused by added 
fertilizer was 106 kg N;ha (control value+ added N). Corresponding mineral N 
value for SCU was 87 kg N;ha which was not statistically different from the 
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N sources broadcast before winter wheat was planted on September 17, 
1973 . 
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Figure 5. Contents of NH4-N and N03-N in the 0-30 em depth 9f Parleys silt loam sampled on various dates. The soil received 56 kg N/ha as 
different N sources broadcast before winter wheat was planted on 
September 17, 1973, at the Blue Creek Experimental Station. 
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unfertilized plots (50 kg N/ha). The values of mineral N of the individual 
rep I icates are shown in Table 4 . 
Table 4 . The mineral N contents (kg N/ha) in the 0-30 em sail depth sampled 
on October 5, 1973 . The soil received 56 kg N/ha broadcast on 
September 17, 1973. 
Rep I icat ion 
N sourc e II Ill IV Average t 
Control 60 48 44 48 50 a 
NH4N03 234 182 75 198 172 c 
(NH4)2so4 107 115 114 139 119 be 
scu 68 103 72 103 87 ab 
t Data followed by different letters are significantly different at the 0.05 level 
of probability. 
The higher mineral N contents in the fertilized plots compared to 
unfertilized p lots were attributed to both the fertilizer mineral N added and to 
accelerated soil N mineralization during the 18 days after fertilization before 
sampling the soil. The average moisture content in the 0-30 em soil layer at 
the October sampling time was 16 percent. There was no way in this study to 
distinguish the N derived from mineralized soil N and that N from the fertilizer 
N. 
Stimulation of soil N mineralization as a result of the addition of fertilizer 
N or salts (usually called priming effect) has been reported for studies done both 
in the field (Westerman and Kurtz, 1973) and in the greenhouse and laboratory 
(Broadbent, 1965; Broadbent and Nakashima, 1971; Sopozhnikov, et al., 1968; 
and Westerman and Tucker, 1974) . Increase in minera lized N of 52 percent 
(Broadbent, 1965) and 118 to 220 percent compared to those of unfertilized soil 
(Broadbent and Nakashima, 1971) ore reported under labora tory conditions. 
Lower mineral N from SCU plot in early sam piing periods might be due to the 
slow release rote of N and incomplete hydrolysis of ureo-N to NH 4-N. 
Ammonium N contents in soils receiving the three various N sources were 
simi lar . S-cooted urea additions caused the lowest NH 4-N of the added N 
sources. 
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The ammonium nitrate plots in October had the greatest mineral N and the 
largest amount of N03-N. The increase in mineral N over that N content in 
ather fertilized plots may be attributed to many factors, such as the nature of the 
salts added (Broadbent and Nakshima, 1971), an interaction between the soi l 
and fertilizers or in the microbial activity differences. The exact mechanism 
by which enhanced mineralization is triggered is not experimentally proven . 
One exp lanation (Fenn and Kissel, 1973) is that the concentration of hydrogen 
io ns in the soi l surface receiving NH4N03 is higher than that in soil receiving 
(NH4)2so4, when applied to calcareous clay soi l of pH 7 .6 . The ammonium 
nitrate, by producing more hydrogen ions than (NH4)2SO 4 in the soil, increases 
N mineralization more than does (NH4)2so4 . This hypothesis is only specula-
tive . 
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Mineral N in the 0-30 em soil depth on November 2. The moisture content 
of the soil on November 2 (46 days after adding fertilizers) was 14 pe rce nt and 
the soi l temperature followin g O ctober 5 was lower than that prior to October 5. 
Figure 4 shows that so il samp les fertilized with all three N sources yielded 
s ignificantly more mineral N than did the unfertilized plots. Although there was 
not statistica ll y significant cha nge, the mineral N in NH 4N03 plots appeared to 
decrease between the first and second sam pii ng dotes, but appeared to increase 
in the plots treated with (NH 4)2so4 and SCU . The amounts of mineral N of 
individua l rep I icotes ore shown in Tab le 5 . 
Table 5. Mineral N conte nts (kg N/llo) in the 0-30 em soil depth sampled on 
November 2, 1973 . The soi l received 56 kg N/llo broadcast on 
September 17, 1973. 
Rep I icot ion 
N source II Ill IV Averoget 
Contro l 48 24 40 20 33 0 
NH4 N03 179 154 79 99 128 b 
(NH4)2S04 154 158 142 119 143 b 
S- cooted urea 202 64 68 72 102 b 
+ Data followed by different letters ore significantly different at the O.O.'i 
leve l of probobil ity. 
Significant ly higher NH
4
-N occurred in plots recei ving (NH4)2S04 than 
occ urred in the other treatments (see Figure 5 or Table 19). Again, N03-N 
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was the h ighest in plots treated with NH 4N03, a lthough it appeared to decrease 
from 114 kg N/ha on October 5 to 89 kg N/ha on November 2. The decrease 
in N03-N ma y be due to immobilization. The N03-N concentrations in deeper 
soil depths we re unchanged suggesting that no downward movement of N03-N 
occurred during this time. 
The increased NH
4
-N at the t ime of the November sampling might be due 
to the env ironmental conditions being more fa vorable for ammonification than 
far nitrification. Most invest igators agree that at low temperature a nd moisture, 
nitrification is more retarded than is ammonifica tion. Thus, NH4-N could 
inc rease if mineralization was faster than nitrification and immobilization . 
Mineral N in the 0-30 em soil depth on April 20 and May 18, 1974 . Snow 
cover ex isted from December to March. Therefore, N transformations during 
this period were presumed to be low. Figure 4 or Table 19 shows the mineral N 
content in the 0-30 em soil depth of fe rtilized plots on the April 20 and May 18, 
1974 sampling dates. The mineral N contents were much lower than those in the 
October 5 or November 2, 1973 sampling dates. In fact, they were not 
s ign ificantly different from mineral N contents in the unfertilized plots . All 
three N sources gave similar mine ral N conte nts (Figure 5), although the SC U 
+ plot had slightly higher amounts in the NH
4 
farm than did other plots on the May 
sampling date. 
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It is obvious that 56 kg N/ha broadcast before planting in the fall did not 
increase the mineral N concentration measured in the spring of the following year. 
The lack of difference in the mineral N conte nts between the fertilized plots and 
unfertilized plots in April and May are possibly due to (I) the rapid absorption 
of N during the tillering stage in March and April, (2) the immobilization of N 
into organic forms in the soil , (3) denitrification, or (4) leaching losses. Results 
in ex per ime nts to be discussed later sugges t that same leaching can occur. The 
first three processes should exist in all such conditions to some extent . 
Th e higher NH4-N in the SC U plots on the May sampling dote is possibly 
due to slowly released N from residual SCU granules because of the mare favor-
able moisture and temperature in late April and May. S-cooted urea granules 
appear to be quite stable ot soil temperature ranging from -I C to 10 C (Kilmer, 
1975). Therefore, the mineral N contents in SCU plots were slightly lower in 
April thon in May due to the highe r so il temperatures in May. 
Mineral N in the 30-75 e m and 75-1 20 em depths on various sam piing 
dates . Figure 6 shows the mine ral N contents in the 30-75 em soil depth as a 
resu lt of different N sources and different sampling dates. The corresponding 
N values for the 75-120 em so il depth are shown in Figure 7 . The relative 
amounts of NH 4-N and N03-N are shown graphically in Figure 8 for the 
30-75 e m and in Figure 9 for the 75-120 e m so il depth. 
There was no difference in the amounts af NH 4-N or N03-N in the 30-75 
e m depth a n any sampling dates amon3 plots treated with NH 4N03, (NH4)2SO 4, 
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Figure 6. Mineral N content s in the 30-75 em depth of Parleys silt loom sampled 
on four dates. Th e so il received 56 kg N/ha from different N sources 
broadcast before winter wheat was planted on September 17, 1974 at 
the Blue Creek Experime ntal Station. 
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and SCU. Similar patterns were found far the 75-120 em layer. Data are given 
in Tables 20 and 21, respectively. 
Although there was no change of the averages of the amounts of mineral N 
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in the deeper soil layers of the N treated plots on any sampling date, the evidence 
of N0 3-N accumulation was observed in the hard pan layer of the replication I. 
On the May sampling date, the N03-N contents of the fertilized plots in the 
hard pan layer of the replication I were higher (ranging from 15 to 32 kg/ha/ 15 em) 
compared to that of the other three replications (ranging from 2 to 13 kg/ha/ 15 em). 
This evidence shows that there might be some amounts of N03-N moved down 
and accumulated in the hard pan layer which occurred 85 to 105 em depths. 
This layer which is rich in CaC03 can react and adsorb N03-N (Jurinak and 
Griffin, 1972). 
Summary on mineral N availability 
The application of NH 4N03, (NH4)2SO 4, and SCU at the practical rate 
of 56 kg N/ha to winter wheat at the Blue Creek Experimental Station affected 
the available mineral N mostly in the 0-30 em soil layer in the fall . Ammonium 
nitrate gave the highest amounts of the mineral N, followed by (NH4)2SO 4 . 
S-cooted urea yielded the lowest. The larger amounts of mineral N was in the 
nitrate form. However, the mineral N contents in this layer decreased to those 
of the unfertilized plots by April and May of the following year. 
No significant difference in the NH4-N or N03-N contents in the 30-75 
e m or 75-120 em soil depths among various N treated plots was observed on any 
sampling date in the fall or spring. The mineral N contents of the N treated 
plots were simi lor to that of the unfertilized plots, regardless of the sampling 
dates in the fall and spring . 
From the resu lts of Experiment I, it is conc luded that the application of 
NH 4N03
, (NH
4
)2so4 and SCU at the practical rate of 56 kg N;ha to winter 
whea t at the Blue Creek Experimental Station affected the mineral N mostly in 
the 0-30 em so il layer in the fall. Although theN fertilizers did increase the 
amounts of mineral N com pared to the unfertilized pl o t, there was no significant 
difference in grain yield aver the unferti l ized plat. Ammonium nitrate gave the 
highest amounts of minera l N, fo ll owed by (NH4)2so4 . S-cooted urea yielded 
the lowest. However, grain y ie lds tended to be slightly higher in the fe rtilized 
plots wh ic h was due to higher a va ilabl e N in the 0-30 em soil depth in the fall . 
Nitrogen fertilization increased the percentages of grain protein and N 
content in the grain significantly, but grain from all fertilized plots had similar 
percentages. Fried (1975) al so found no difference in N content in grain among 
Experiment II. Nitrate Movement in Soil Planted to Winter 
Wheat After the Applica tion of Ammonium Nitrate 
Environmental conditions be fore the 
November and May soil samplings 
Soi l moisture and temperature influence the rate and extent of N transfer-
motions in soi l. These factors occurring foll ow ing N application must be 
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reflec ted in the mineral N contents at the first sampling date (November 5, 1974) 
and the last sam piing date (May 28, 1975) . 
The soil moisture contents at the fertilizer oppl ication time (October 10, 
1974) ot the depths of 0-15, 15-30, 30-45, and 45-120 em were II, 16, 18, and 
19 percent, respectively, but the soil surface was dry. 
The initial rainfall of 2.36 em occurred during October 21 to 24, 1974. 
Th e highest amounts of roinfall--3.18 em--occurred on October 31, 5 days 
prior to the first soil sampling. The total rainfall falling between the dates of 
N application and the November soil sampling was 6.48 em. The maximum and 
minimum soil temperatures at o 2.5 em depth during this some period ranged 
from 6 to 20 and -1 to 5 C, respectively . 
The precipitation from the November sam piing dote to the May sam piing 
date in 1974-1975 was 22.45 em. A nearly constant snow cover existed from 
December 1974 to March 1975. In April and May, some spring rains fel l . The 
soil surface was saturated with moisture in late April end was still moist in 
May . The maximum and minimum soil temperatures in May were 7 Ia 34 and 
-6 to 9 C, respectively . 
Levels of mineral N in unfertilized plots 
At the time of N appl icatian (October 10, 1974), the 0-15 e m layer of 
soil hod 33 kg;ha of N03-N, and only 7 kg;ho in the 15-30 em Ioye r . 
Ammonium N was a low value of 4 kg;ha in each of the two laye rs. In the 
deeper layers down to 120 em the amounts of both forms of N ranged from 2 to II 
kg;ha. 
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The amounts of NH 4-N and N03-N in the soi l profile to 120 em depth 
sampled on November 5, 1974 are shown in Figure 10 or in Table 24 and Table 25 
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Figure 10. NH4-N and NOTN contents in the soi l profile on November 5, 1974 
and May 28, 1975,for the unfert ilized plots planted to winter wheat. 
for NH 
4
-N and N03-N, respectively. On November 5 the highest amounts of 
mineral N, 31 and 12 kg N;ha for N03-N and NH4-N, respectively, were 
found in the 15-30 em soil depth. The changes in distribution in NH4-N and 
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N03-N contents at the November 5 sampling are probably due to mineralization 
of soil N in the moistened soil and portly due to the movement downward from 
the soil surface in the 6.48 em of rain water. Below the 30 em depth, NH4-N 
and N03 -N contents in the profile were not changed. The mineral N in the 
120 em profile (Ill kg N;ha) was predominately present in nitrate form (80 kg 
N;ha). 
The levels of NH4-N and N03-N in the soil on the May 28, 1975 sampling 
had similar patterns. Both forms of N decreased in the upper soil layers. The 
mineral N values for the 120 em profile were 61 and 56 kg N;ha far NH4-N and 
N0
3
-N, respectively. 
Movement of N03-N in the 
so il profile 
The magnitudes of N movement, especially N03-N, through the soil 
profile can be estimated through a comb ination of: (I) the changes in mineral N, 
mostly N03-N, contents at the beginning (November 5, 1974) and at the last 
soi l samplings (May 28, 1975); (2) the changes in the slightly reactive Br-
distribution in the soil profile with time; and (3) the amount and distribution 
changes in the total N contents in the soil profile . Comparing the pattern of Br-
distribution in the soil profile should indicate the maximum potential far N03-N 
movement or leaching loss from the upper soil profile. 
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The largest NH4-N contents in the soil profile on November 5 and May 28 
(see Figure II or Table 26) occurred in the 0-15 em layer (294 and 48 kg N/ha, 
respectively). Small increases of NH: occurred in the 30-45 em depth between 
fertilization on October 10 and sampl ing on November 5. The NH~ contents at 
the deeper layers were similar on both sampling dates. By May 28 most of the 
NH 4-N had been nitrif ied and immobilized. 
By November 5, N03-N contents of 100, 167, and 17 kg N/ha were found 
in the 0-15, 15-30, and 30-45 em layer, respectively (see Figure 12 or Table 27). 
These va lues, 26 days after fertilization (but the soil surface received rainfall 
first time on October 21), accounted for about 270 kg N/ha. This added to NH~ 
values totals abou t 135 percent of the added N rate, or 35 percent more than 
was added. These indicated that some N had moved down to the 45 em soil depth 
since the time of N fertilization as a result of the 6.48 em of rainfall in late 
October 1974. The soil moisture in the profile also showed that water had moved 
down as far as 45 em depth (Figure 13). Below this depth the moisture contents at 
theN application time and at November sampling time were unchanged dawn to 
120 em. 
Figure 12 also shows the N03-N distribution on November 5, 1974 and 
May 28, 1975. In November most of the N03-N still existed in the 0-30 em 
layer but by May (6 months later) most of it had moved down deeper, even to the 
150 em depth. The highest concentrations were found in the 45 to 90 em depth. 
Under the conditions of the study area and the convent ional rate of N applied 
(56 kg N/ha), much le ss N0
3
-N would have moved down to the deeper layer . 
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Figure II. NH4-N distribution in the soil profiles on November 5, 1974 and May 28, 1975. Nitrogen application 
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Figure 13. Soi l moisture contents in the profile on two soil sampling dates. 
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Muc h of it would be used or immobil ized by micro-organisms. But with the high 
rate of N used in this study (400 kg N/ha), there is a large pool of N03-N 
prese nt in the soil. Snow melting slowly in April and early May produced a 
c onsiderable amount of water capable of moving considerable N03-N below the 
150 em soil depth. 
The difference in the mineral N (NH4-N and NOTN) contents in the 
0-120 e m soil profile of the fertilized plots on November 5 and May 28 was 
34 .8 perce nt of the added N . This dec rease over the winter can be a result of 
several possibilities including immobilization in the soil, vo latil ization as 
gaseous N and/ or leaching below the 120 em sampled depth, as indicated by 
the higher N0 3-N in the 120-150 em layer sampled in May, 1975. 
Bromide (Br-) tracer techniques 
Another approach in estimating the moveme nt of soluble ions (N03) 
in th e profile is to follow the distribution of relatively unreactive Br- in the 
soil prof ile. 
Figure 14 or Table 28 shows the bromide distribution through the 0-120 em 
soil profile in the control plots having no added bromide on November 5, 1974 
and May 28, 1975. It shows that an November 5 the amounts of apparent 
bromide in the profile were low (2 to 6 kg/ha in each 15 em layer). This small 
base - line value for bromide is much lower than va lues whe re bromide was added 
as a tracer. 
Bromide distribution in the soil profile of treated plots is shown in Figure 
15 or Table 29 . The increase in bromide c ontent in the bromide-treated plats an 
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Soil received 200 kg Br-;ha as KBr broadcast on the surface after 
winter wheat was seeded on October 5, 1974. 
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the November 5 sampling was 205 kg;ha, whic h ca lcu lated to be close to the 
200 kg;ha of brom ide added. Because Nand bromide materials were added by 
the same method, apparent differences in the N measured and the N added are 
nat believed to be uneven additi on. Figu re 15 shows that the highest Br- content 
(1 22 kg;ha) was found in the 15-20 e m laye r. The bromide distribution also 
indicated that some had moved down to as deep as 45 em; this distance was similar 
to the depth of N03-N movement as shown in Figure 12. Below 45 em the Br-
content was simi lar to that of the cont rol plot. On May 28, the Br- had been 
washed down to the 150 em depth with the highest concentration occurring 
between 60 and 120 em compared to a NOTN maximum in the 45 to 90 em 
depth (Figure 12). All of the added Br- appeared to move deeper than 45 e m. 
The bromide contents in the soi l prof il e are shown in Table 6. 
The a mount of Br- leached below 120 em by May 28, 1975 was calculated 
to be about 71 kg;ha which was equivalent to about 35.5 percent of the Br-
added. This va lue was close to the mineral N deficit of the fertilized plot. It 
was assumed that I ittle Br- was absorbed by wheat plants because it is not an 
essent ial nutrient e lement for craps. However, it is possible that some uptake 
occurred. 
Comparing the N0
3
-N and Br- content distribution in the profile, it is 
eviden t that their patterns we re simila r in both November and May samplings . 
Both N0
3 
-N and Br- moved downward in similar amounts and rates to the 150 
em depth. 
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Table 6. Average bromide content s (kg;ho) in the soil profile sampled on 
November 5, 1974 and May 28, 1975. 
Depth November 5, 1974 Mot. 28, 1975 
{em) Contro l 200 kg Br-/ho Control 200 kg Br -;ho 
0-15 2 65 2 
15-30 3 122 2 3 
30-45 2 21 2 6 
45-60 3 7 19 
60-75 3 6 3 37 
75-90 4 4 3 36 
90-105 6 3 3 28 
105-120 5 5 7 31 
120-135 8 21 
135-150 8 21 
Total 28 233 22 162 
(0-120 e m) 
In the ex perimental year a near maximum snow period existed resulting in 
a nearly max imum downward movement of N03-N at this Blue Creek Experimen-
tal Station soi l . 
Tota l soi l N contents 
Another approach to est imote the downward movement of N from this study 
was to compare the total so il N at the November and May soil sompl ings. In the 
unfertilized plot the difference in total N in November 1974 and May 1975 was 
neg I igibly small. But the difference on the two dates in the fertilized plot was 
280 kg N/ha, excluding 122 kg N/ha uptake by plant, which is equivalent to 
about 40 percent of the added N (Table 7) . The loss of40 percent in fertilized 
plots is assumed to be lost by gaseous N and leaching below 120 em depth. The 
N loss estimated by the difference in total N in the profile was sl ightly higher 
than that estimated from the mineral N. However, unaccaunted-for-N was 
similar as determined by the two approaches . It is noted that the total N in the 
soil profile of the unfertilized plots or fertilized plots va ried, which may be 
due to the location of the plots used. 
Effects of a heavy rate of N fertilizer 
on dryland winter wheat yields 
Table 8 shows the experimental data of dryland winter wheat receiving the 
400 kg N/ha of broadcast NH 4N03 in plots at the Blue Creek Experimental 
Station in the October 1974 to August 1975 grow ing season. 
It is obvious that the wheat yield components between unfertilized plot 
and fertilized plot were significantly different except for the grain yields. 
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Similar grain yie lds but higher straw yie lds from the fertilized plots were attributed 
to the lush vegetative growth where high N rates were applied. 
The fer t ilized plot gave straw yields twice as high as the unfertilized plot. 
Similar va lues were found for the straw N contents and in total N uptake in gra in . 
Nitrogen uptake in straw from plots with 400 kg N/ha was about 5 times greater 
uptake from unfertilized plots. The grain prole in of fertilized plots increased 
Table 7. Total N in kg/ha of soil at the Blue Creek Experimental Station for soil receiving 400 kg N/ha and planted 
to dryland winter wheat in 1974-1975 growing season. 
Unfertilized Plot Fertilized Plot 
Depth Plot No. Plot No . 
(em) Ill v VI Average II IV VI I VIII Average 
November 5, 1974 
0-60 7,850 8,390 7,580 6,710 7,630 8,410 9, 320 6,800 8,510 8,260 
60-120 5,470 5,230 5,350 5,160 5,700 5,430 
0-120 13,860 12,810 12,980 13,570 15,020 13,690 
May 28, 1975 
0-60 8,170 8,470 7,130 7,160 7,730 7,840 8,890 6,560 8,150 7,860 
60-120 5,200 5,280 5,120 5,470 5,270 5,170 5,850 5,100 6,070 5,550 
0-120 13,370 13,750 12,250 12,630 13,000 13,010 14,740 11,660 14,220 13,410 
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Table 8. Effects of heavy N fertilization on drylond winter wheat yields at the 
Blue Creek Experimental Stat ion . Wheat was grown from October 1974 
to August 1975 . 
Wheat Yield 
Components 
Groin y ield, kg,/ho 
Strow y ield, kg,/ho 
Groin protein content, % 
Strow N content, % 
Total N uptake in groin, kg N,/ho 
Total N uptake in straw, kg N,/ho 
Wheat Yieldst 
Unfertilized 400 kg N/ho 
1809 0 2349 0 
2903 0 6871 b 
13.2 0 19.6 b 
0.3 0 0.6 b 
41.8 0 80.4 b 
8.9 0 41.9 b 
T Means ore the averages of 4 observations. Data followed by the different 
letters ore significantly different at the 0.05 level . 
nearly ha lf to 19.6 percent. However, even the unfertilized plot hod a reoltively 
high groin protein content; this might be the result of rather fertile soil plots at 
this station . 
Data from this study at the Blue Creek Exper imental Station indicate the 
potential ex ists on wet years for conside rable amounts of N03-N to move below 
the 120 em Ioyer. Evidence of N03-N moved down to at least 150 em depth 
was also observed. Th e exceptionall y heavy rote of N applied did not increase 
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groin yield, but did increase straw yield, groin protein content, strawN content , 
and total N uptake in groin and in straw significantly . 
Experiment Ill. NH
3
-N Volatilization from Soil Receiving 
N Fertilizers 
It has been known that several environmental conditions affect the 
NH3-N loss from the soil supplied with N fertilizer. Soil properties and climatic 
factors ore considered as the most important ones as well as soil -plant cropping 
management or conventional cultural practices at the present time. Th is port of 
the research emphasizes some soils and climatic factors on N loss as NH3 from 
theN-fertilized soil. Particularly, on attempt was mode to study the factors 
which prevail in practical (economical) crop production. Most of the work has 
been conducted in the laboratory, but ports of it were done in the fie ld. 
Laboratory experiments 
Effects of different sizes of pellet urea on NH3-N loss from noncalcareous 
soil. Different sizes of pellet urea used in this study were: (I) 2.00-2.50 em 
diameter (about 150pellets/g), (2) 1.34-2.00mm (600pe ll ets/g), (3)0 .59-
1.34 mm (3,300 pellets/g), a nd (4) pulverized-pellet urea . Urea at a rote of 
100 kg N/ha was a pplied to the wet Timpanogas silt loom sa il which is a nan-
calcareous soil. The amounts of NH3-N evolved and water losses were simul-
taneously measured doily up to 14 days after theN application. 
There was no difference 14 days after oppl icotion in the rates of NH3-N 
loss from the soil receiving the different sizes of urea pellets. The rates of 
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water loss from the treated soil were also of the some magnitude for all treatments. 
The amounts of accumulated NH3-N losses from the soil ranged from 9.4 to 10.6 
percent of the applied N . The amounts of total water losses among the treatments 
were similar with about 122 ml lost in 14 days (Figure 16). 
The overage rates of NH 3-N and water losses from soil to which various 
sizes of urea pellets were added ore shown in Figure 17. It is obvious that the 
patterns of the rote of NH3-N loss and the rate of wate r loss were different. 
The rote of NHTN loss increased as the time from the urea oppl icotion increased 
up to 7 days. Thereafter the rote of N HTN loss decreased rapidly. On the 
other hand, the rote of water loss seemed to be almost constant until the tenth 
day. Simi lar results hove been found by Chao and Kroontje (1964) who concluded 
that the NH3-N loss and water evaporation from the fertilized soils follow 
different patterns of loss. 
The lock of any difference of accumulative NH3-N loss as affected by 
pellet size is probably the result of high solubility of urea in water. Urea 
dissolved on the soil surface rather rapidly after oppl icotion regardless of the 
pellet size used. Even the larger urea pellets disappeared within 2 hours. No 
volo til ized NH3-N was observed from any treated sail until 10 hours after 
fert i I izot ion. 
Sim ilar results hove been reported by Gosser {1964). He noted, however, 
that the forms of urea (pelleted, crysta l I ine, and so lution) oppl ied did cause 
differences in NH3-N losses from different soi ls but not within soil. Similarly, 
Watkins, et ol. (1972) found that there was no signif icant relationship between 
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Figure 16 . Accumulative losses of NH3-N from Timpanogos soil at room 
temperature as infl uenced oy different sizes of urea pellets oppl ied 
to the soi l surface ot a rate of 100 kg N;ha , a nd its re lationship 
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Figure 17. Comparison of the average rate of NH3-N and rate of water loss at room temperature from Timpanogos 
soil receiv ing 100 kg N/ha with urea applied to the wet soil surface. 
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the NH3-N losses and urea pellet sizes ranging from 0.5 em in diameter (large 
pellet) to crystals about I mm in diameter. Namik (1973) reported that the total 
NH3-N lasses were 20 percent and 22 percent from the forest sail receiving 
tableted urea {2.06 g/pellet) and small pellets of urea {280 pellets/g), respec-
tively, but there was some slight difference in the rates of NH3-N loss during 
the 28 day period. 
Therefore, it is assumed that the sizes of urea used in this study did nat 
influence the NH3-N losses from the noncalcareous Timpanogos sai l used. The 
urea of mixed pellet sizes supplied from the fertilizer company is suitable for use 
in the studies of NH3-N lasses . Although (NH4)2SO 4 and NH4N03 material s 
were nat s imilarly tested, each has almost similar sizes, both are very so luble 
and would be expected to react similarly to the urea. 
Effects of N sources an NH3-N valatil izatian from noncalcareous soi l. 
Nitrogen sources, consisting af (NH4)2SO 4, NH 4N03, and urea, were applied 
to the surface of the wet Timpanogas so il at a rate of 200 kg NH4-N;ha. The 
amounts of NH3-N lasses in the laboratory at room temperature were measured 
daily for 14 days. 
Figure 18 shows the accumulative losses of NH3-N evolved from the soil 
having (NH~2so 4, NH4 N0 3, or urea added. It is evident that considerable 
NH3-N loss occurred from the soil receiving urea. The amounts of NHTN 
lasses in 14 days from sail treated with (NH4)2SO 4, NH4N03, and urea were 
I . 0, 0. 5, and 13.7 percent of added N, respectively. 
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Figure 18. Accumulative NH3-N losses from noncolcoreous Timponogos soil ot 
room temperature as influenced by N sources oppl ied to the soi I 
surface at a rote of 200 kg NH4-N;ho . 
Data at the end of each curve are total NH
3
-N losses. 
Different letters indicate losses that ore statistically different at 
the 0.051evel. 
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The higher N H3 -N loss from the urea-treated soil is probably caused by 
the higher soil pH caused by the hydrolysis of urea. Urea fertilization increases 
the pH of a sail surface more than does (NH4)2S04 or NH4N03 . Whitehouse 
and Leslie (1973) reported that the pH of the sail receiving urea increased more 
than did (NH4)2S04; (NH4)2so4 caused a greater increase in soil pH than did 
NH4N03 (Fenn and Kissel, 1973). A higher soil pH resulting from urea applica-
tion but no effect on soil pH by added (NH4)2S04 was also reported by Acquoye 
and Cunningham (1965), Harding et al. (1963), Kresge and Satchell (1960), 
and Prasad (1976). 
Effect of different rates of urea on NH3-N loss from noncolcoreous soil. The 
pe lleted urea at the rates of 50, 100, 200, and 400 kg N;ha were applied to the 
wet Timponogas soil surface. The amounts of N H3-N losses were measured daily 
for 14 days. 
Figure 19 shows the accumulative NH3-N losses from soil receiving 
different rates of urea. Increasing the rates of ureo-N oppl ied from 100 to 400 
kg N;ha significantly increased the percentage of NH3-N lost. The rates of 
50 and 100 kg N;ha caused no significant difference in NH3-N loss. The 
NHTN losses from soil supplied with 50, 100, 200 and 400 kg N;ha were 11.0, 
12.7, 17.7, and 21.6 percent of the applied N; these percentages ore equivalent 
to 5.5, 12.7, 35.4, and 86.4 kg N;ha, respectively. Similar results using urea 
have been reported by Acquoye and Canninghom (1965), Kresge and Satchell 
(1960), Overrein and Moe (1967),ond Shankorachorya and /IAehta (1971). 
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Figure 19. Accumulative NH3-N losses from Timpanogos soil at room temperature 
as influenced by adding urea to the so il surface at different rates. 
Data at the end of each curve are the total NH3-N losses . 
Different letters indicate significantly different losses. 
The higher amounts of NHTN lost from soil at rates of 200 and 400 kg 
N/ho were a ttributed to the following factors: {I) the urea hydrolysis reaction 
behoves as a first-order reaction with respect to urea concentration {Ardokano 
et ol., 1975; Overrein and Moe, 1967), so the pH of the soil is increased by 
the large r amounts of urea as reported by Kresge and Satchell {1960), and 
Overrein and Moe {1967); and {2) the extent or percentage of NH~ increases . 
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It is known that the sorptive capacity of the soi l for NH~ is finite. Therefore, 
increasing the conce ntration of NH: will decrease the proportion of NH~ being 
sorbed allowing the NH3-N losses to be higher from soi l receiving larger amounts 
of urea-N. 
Effects of the carbonates in the soi l on NH3-N volatilization. The kinds of 
the carbonate materials used for this study were CaC03, BaC03, and highly 
calcareous soil {Millville silt loam, pH 7 .8) which contains about 28 percent of 
CaC03 equivalent, part of which is MgC03 . Five percent by weight of CaC03 
or BaC03 was added and mixed thoroughly with the noncalcareous Timpanogos 
so il. After the water was added, the samples were equilibrated for 2 days before 
the different N sources were applied at a rate of 200 kg NH4-N;ha to the wet 
soil surface. The amounts of NH3-N losses were measured daily for 14 days. 
The accumulative N H3-N losses in 14 days from the noncalcareous 
Timpanogos soil receiving 5 percent CaC03, BaC0 3, and from the calcareous 
Millville soil are illustrated in Figures 20, 21, and 22, respectively . The total 
NH3-N loss was significantly highe r from the soils fertilized with (NH4)2so4 than 
from so il s fertilized with NH4N03 or urea for each kind of carbonate treatment. 
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Figure 20. Accumulative NH3-N losses from Timponogos soil at room temperature 
as influenced by tlie addition of 5 percent by weight of CaC03 and by various N sources applied to the soil surface at a rate of 200 kg 
NH4-N;ha. 
Data at the end of each curve ore the tota l NH3-N losses. Different letters indicate statistica lly sign ificant differences in 
NHTN losses. 
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Figure 22. Accumulative NH3-N losses from highly calcareous Millville soil at room temperature os influenced by N 
sources applied to the sail surface at a rate of 200 kg NH4-N/ha . 
Different letters indicate statistically significant differences in the losses. 
The patterns of NH3-N losses from the soil receiving 5 perc ent CaC03 
were different for the three fertilizer materials. The rates of NH3-N lasses 
from (NH4)2so4 and NH4N03 were highest during the first day and decreased 
with time. Ammania-N losses from so il with (NH4)2so4 after the first, second, 
and third days were 12.1, 6.5, and 3.8 percent of added N, respectively. 
Corresponding va lues for NH 4N03 were 3.7, 2 .2, and I. 8 percent of added N. 
However, the highest NH3-N losses from urea-treated soil were in the fourth, 
fifth, and sixth days . 
The higher loss of NH 3-N from (NH4)2s o 4 may be chiefly due to the 
insolubility of reaction products formed with CaC03 and (NH4)2SO 4 resulting in 
formation of the unstable (NH
4
)2C03 as proposed by Fenn and Kissel (1973). 
Ammonium nitrate wou ld not form much unstable (NH4)2co3 which is largely 
independent of CaC03 . Part of the urea applied might also migrate downward 
into the soil more than the charged NH~ from (NH4)2S04 and NH4N03. 
Therefore, the amount of NH3-N lost from urea-treated soil was not influenced 
by CaC03 addition. 
The patterns of NH3-N losses from soil receiving 5 percent by weight of 
BaC03 (Figure 21) were similar to lasses from soil with CaC03 (Figure 20), 
but the total amounts and the rates of NH3-N losses were higher when BaC03 
was added. For example, the rates of NH 3-N losses from (NH4)2S04 in the 
first, second, and third day were 29. 3, 7. 5, and 4.5 percent of added N, 
respectively. Corresponding figures for NH3No3 were 9.2, 5.3, and 4 .2 
percent . The more than doubled loss of NH3-N caused by BaC03 compared to 
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that caused by CaC03 was attributed to the very insoluble BaS04 formed from 
(NH4)2S04 and BaC03 which drives the reac tion forming (NH4)2C03 more 
rapidly and completely. 
The patterns of NH 3-N losses from N fertilizers applied to calcareous soil 
were similar to losses from the soil samples receiving 5 percent by weight of 
CaC03 or BaC03 . The amounts of NH 3-N losses from calcareous soil during 
14 days were 47 .8, 26 .7, and 21.8 percent of added N caused by the addition of 
(NH4)2S04, NH4N03, and urea, respectively . The rates and accumulative 
losses of NH3-N from calcareous soil or noncalcareous soil supplied with CaC03 
are s imilar for the three N fertilizers tested (Figures 20 and 22) . 
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Effects of the soil reaction (pH) on NHTN losses. The effects of two soil 
pH values were studied--pH 7.4 and pH 8.4 . The desired pH values in the 
Timpanogos soil were obtained by the addition of Ca(OH)2, followed by alternate 
wetting to field capacity ond drying until the equilibrium pH wanted was 
reached. Ammonium sulfate, NH4N03, or urea were then applied to the wet 
soil surface at the rate of 200 kg NH4-N;ha. The NH3-N evolved from the soil 
was measured daily for 14 days. 
Figure 23 shows the accumulative NH3-N losses during 14 days. The amount 
of NH3-N loss was greatest at the higher soil pH (8.4) for all N fertilizers used. 
The higher pH increased NH3-N loss from (NH4)2so4 or NH4N03 more than it 
did the loss from urea. The higher pH caused the highest increase in NH3-N 
loss (five fold increase or 24.4 perce nt) from (NH4)2so4 with lesser increases 
from NH4No3 (four-fold increase or 16.6 percent) and urea (one-fourth increase 
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Figure 23. Accumulative NH3-N losses from Timponogos soil at room temperature as influenced by the soil 
pH end theN sources applied to the soil surface at a rate of 200 kg NH4-N/hc. Date at the end of each curve ere the total losses. 
Different letters indicate values statistically different from each other . 
Soil pH 
8.4 
8 . 4 
8.4 
7.4 
7.4 
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or 4 . I percent). The highest rate of NH3-N loss was in the first day for both 
(NH4)2SO 4 and NH4N03, but in the fifth day for urea. 
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The higher N H3-N losses at pH 8.4 were thought to be the resu lts of more 
NH3 than NH~ formation in the sail because the NHTNfi4 equilibrium is pH 
dependent. Higher pH's favor NH3 formation . Also, small amounts of CaC03 
might be formed after the application of Ca(OH)2. No CaC03 cou ld be detected 
in the soil of initial pH 8.4 by testing with I~ HC I at the end of the experiment . 
However, the test is not very sensitive for CaC03 contents below several tenths 
of a percent. 
Comparison of NHTN losses a s influenced by added CaC03 and pH. 
CaC03, 10 percent by weight, was added to noncalcareous Timpanogos soil. Then 
the soi l was wetted to field capacity. Other samples of the Timpanogos soi l had 
the pH raised by adding NaOH solution to the sample and brought the soil moisture 
to field capacity by adding distilled water. Both sets of the soil samp les were 
equilibrated for 2 days before the experiment was conducted. The pH values of 
the samples receiving 10 percent CaC03 and NaOH so lution were 7.7 and 8.0, 
respec tive ly . However, by the e nd of the experiment the soil pH values had 
fallen. 
When N fertilizer was added 
At the end of experiment 
(10 days) 
10% CaC03 
pH 7.7 
pH 7.3-7.6 
NaOH so lution 
pH 8.0 
pH6 .7- 6.8 
Ammonium su lfate and NH 4N03 were applied to the soi l surface ot the 
rote of 200 kg NH4-N/ho . The NH3-N evolved was measured every 3 hours for 
the first day, and daily thereafter up to 10 days. 
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The NH3-N losses from the sa mples receiving 10 percent CaC03 were higher 
than losses from the samples to which NaOH was added to raise the pH to 8 . 0 
(Figure 24). The NH3-N lost was highest (36.7 percent) from (NH4)2so4 in 
samples having carbonate added. Even though the initial pH of the carbonate -
trea ted sam ples was lower than the NaOH-treated sam ples, the NH3-N loss was 
greater , nearly three-fold greater. The highest loss rates from all treatments 
occ urred between the third and sixth hours after fertilization; then the rates 
decreased rather rapidly up to 24 hours. Thus, the highest NH3-N losses occ urred 
during the first day after N fertilizer application (Figure 25) . 
The gradual lowering of pH in the NaOH-treated soil makes a more 
detailed evaluation of the effect of pH versus effect of carbonate imposs ible . 
Effects of temperature and rate of water loss on NH3-N losses. Initial tests 
showed that higher temperatures increased NH 3-N losses. The NH3-N losses 
during 21 days from Timpanogos so il receiving NH 4N03 at the rate of 56 kg N/ha 
at room te mperature (22-24 C) was 0 . 5 percent of the added N but increased to 
3 . I percent at 36 to 40 C. Higher temperatures also speed water losses . 
Therefore, the first part of this st udy was se t to study the relationships of 
NH3-N losses to water losses at room temperature. Ammonium nitrate and urea 
a t the rate of 100 kg N/ha were applied to Timpanogos soil. The rate of air flow 
Figure 24. 
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The rates of NH:l-N losses at room temperature from theTimponogos soil receiving either 10% by weight of 
CoC03 or a NoOH solution which raised the pH values to 7.7 and 8.0, respectively . (NH4)2S04 or NH4N03 were applied to the soil surface at a rote of 200 kg NH4-N;ha. 
used was about 800 cc/min . The lasses of NH3-N and water were measured at 
12 to 24 hours intervals for 12 days. 
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The second part of the study was conducted to observe the effects of temp-
eratures on NH3 -N and water losses . The temperature levels were room tempera-
ture, and temperatures ranging from 30 to 42 C. The first day when the soil 
surface was moist, the temperature was 30 C . But it increased to 42 C when the 
soil surface was dry. Two rates of air flow, 150 and 800 cc/ min. were used. 
The higher temperatures were obtained with infra-red heat lamps and rubber 
coated, electric heating strips wrapped around the outside of the column near the 
soil surface . Urea at the rate of 100 kg N/ha was applied to the soil surface. As 
the water evaporated from the soil surface the temperature gradually increased 
with time. When the dried soil surface was rewetted, the soil temperature in the 
column decreased and began to gradually climb with drying. Therefore, the 
temperatures observed were ranges that existed during the experiment. No constant 
temperature could be maintained by the technique used. Further time to constantly 
adjust temperature did not seem warranted for the information. 
The rates of NH3-N and water losses from Timpanogos soil receiving 
NH4N03 are shown in Figure 26, and from urea in Figure 27. The correlation 
between rates of NHTN and water losses from either NH4N03 or urea was poor. 
For NH4No3, the rate of NH3-N loss was highest in the first day and then 
decreased rapidly, but the rates of water losses were re latively constant from the 
beginning until the end of the experiment. Similar results of a constant water 
loss were found from the samples with urea, but the rate of NH3-N loss had a 
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maximum during day 3 to day 6. After hour 200, an attempt was made to increase 
the amount of water losses from the urea treatme nts by increasing the air flow rate 
(Figure 27). The rates of NH3-N loss st ill decreased in spite of the increases in 
water loss (from hour 200 to 250). Water loss and NH3-N loss do nat appear to 
be closely corre lated . 
Higher temperatures increased the rates of NH3-N losses {Table 9). 
However, the time required to obtain the higher NHTN losses decreased as the 
soil moisture decreased. Rewetting the so il caused the rote of NH3-N loss to 
increase slightly. Thus the total of NH3-N losses was influenced by the tempera-
ture and the moisture in the soil. High temperatures along with low rates of air 
flow (less drying) gave the higher total NH3-N losses (23.2 to 26.5 percent), but 
high temperatures wi th high air flow rates (rapid drying) tended to decrease total 
NH3-N losses (11.7 to 16.9 percent) because soil soon dried. 
There was no relationship between the total amounts of NH3-N evolved 
and total amounts of water evaporated from the soil. For instance, the total 
NH3-N losses of 26.5, 23.2, and 16.9 percent of added N corresponded to 
water losses of 112, 107, and 236 ml, respectively. 
Higher temperatures or higher air exchange rates may speed up NH 3-N 
losses during the time the soil is still moist. However, the total NH3-N losses 
may be decreased because of the fewer days during which the sail is moist. This 
is evident in Tab le 9. It seems that adequate soil moisture is necessary for losses 
of NHTN to occur. The moisture maintains the NH~ in solution and provides a 
medium to d issolve C02, carbonates, and calc ium salts. Hydrolysis of urea also 
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Toble9. The NH3-N losses (% of added N) at time interval s from Timponogos soil 
as influenced by various temperatures created by a heat lamp and two 
roles of air flow over the soil surface. 
N was oppl ied to the soil surface at a rate of 100 kg N/ho with urea. 
Exposed Shaded 
to the heat lamp from the heat lamp 
Time Low air High air Low air High air Low air High air 
interval . relet rotet rote'*' rote'*' rote t rate t 
(day) 31-38 c 30-41 c 34- 41 c 35-42 c 22-24 c 22-24 c 
0.67 1.72 1.28 1.45 0.26 0.46 
2 2.20 3.66 3 . 50 2.81 0.85 1.05 
3 5 .99 4.61 7.04 0 . 93 1. 95 2.93 
4 3.91 0.65 § 4.38 0.07 § 2 . 03 2.08 
5 4.15 2 .61 3.79 2 . 19 2.01 2 .65 
6 1.80 0.91 2.36 1.08 2.33 1.69 
8 1.76 0.37 1.77 0.29 1.27 1.10 
10 1. 50 0 . 19 § 1.25 0 . 19§ 0.5f § 0 .29 § 
15 1.20 2.20 1.08 2.69 0.46 2.37 
Total 
NHTN 
losses, %1/23.18ttc 16. 92ttb 26.45tt c II .70tta II .67tto 14.62 tt ab 
Total 
water 
losses, ml 107 236 112 229 62 177 
t Averoges of 2 observations 
'*'One observation 
§On these dates 25 ml of distilled water was added to rewet the soil core to 
about 2.5 em deep. 
t~ Percentage of added NH4-N Values with different letters are statist ically different from each other. 
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takes place in water. Thus, adequate sail moisture prov ides far max imum oppor-
tunity for chemical reactions necessary to release N H3-N. However , rewetting 
the soi l will move some NH~ and urea downward into the soil lowering the total 
NH3-N eventually evolved. 
Higher NH3-N losses during the first days of drying occur in the rapid air-
flow rates c ompared to the slower flow rates . This is because the rote of NH3-N 
loss is speeded by concentration of the solution during drying and by codistilla-
lion. 
The NH3-N volatilization has been found linearly related to the gas ex-
c hange rate in the soil up to 5 changes/1-lr (Overrein and Moe, 1967). But Bremner 
and Douglas (1971), and also Prasad (1976) agreed that the NH3-N con be evolved 
from a constant ly moist soil without subjecting the soil to moisture loss . The acid 
they used to trap the evolved NH3-N reduced the NH3 concentration in the air 
and thus in so lut ion in proportion to N~, causing more NH3-N to be formed and 
evolved from the soil solution . Therefore, any foetor which changes the propor-
tions of the NH3-NH~ concentrations in the soil solution will alter the amounts 
of NH3-N lost. 
The relation of conditions of N ferti lizer application to calcareous soi l on 
NHrN lost. Some conditions in which fertilizer may be added to so il s in the 
fi e ld include : (I) incorporation into the so il by drilling, discing, or bonding, 
(2) addition by broadcast to dry soil followed by moistening from dew or very light 
rainfall, and (3) broadcast on dry sail foll owed by rainfall or irrigation. Broad-
cast onto moist soil has already been discussed in the previous studies. 
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Incorporation of fertilizer into soil was done using the highly calcareous 
Millville silt loam soil. Ammonium sulfate at the rate of 200 kg N/ha was applied 
at 2.5, 5.0, and 7.5 em depths to air-dry so il before the water equivalent to 
field capacity was added . 
There was no NH3-N lost during 14 days when the N fertilizers were 
placed at 2.5 em or deeper. The lack of NH3-N loss from even the shallowest 
depth (2.5 em) is believed to be a result of the following reactions: (I) Part of the 
fertilizer dissolved and moved into deeper soil layers; and (2) the NH~ and NH3 
formed were adsorbed to cation exchange sites and to particle surfaces as they 
moved upward toward the soi l surface in water. 
The second condition--adding N fertil izers to dry soi l and having just I ight 
moisture such as dew or very light rainfall--was accomplished by passing air of 
high humidity across the so il surface . Ammonium sulfate, NH4N03, or urea at 
the rate of 200 kg NH4-N,Iha was applied to the air-dry soil surface. The high-
humidity oir was obtained by bubbling the compressed air in dist illed water before 
passing it across the soil surface. 
The NH 3-N losses during 10 days from soil receiving (NH4)2S04, NH4N03, 
and urea were 3.6, 34.2, and 2.4 percent of the added N, respectively. The 
relatively large NH
3
-N loss from NH4No3 was unexpected; the largest doily 
loss occurred in the first doy (7. 9 percent) ond decreased with time (r able 10) . 
Even by the tenth day the loss was still 1.3 percent. However, the daily rates 
of losses from (NH4)2so4 or urea were too small and not measured daily . The 
figures re present the total NH3-N losses for 10 days. 
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Table 10. The NH3-N losses ot one-doy intervals on highly calcareous Millville 
soil which received the equivalent of 200 kg NH4-N;ha applied to 
the surface of air-dry soil before the air with a high humidity 
(compressed air bubbling in water) was passed over the soil surface. 
NH3-N loss, %of NH4-N added t 
Time 
(day) (NH4)2so4 NH4N03 Urea 
-* 7.9 - * 
2 4.7 
3 4.0 
4 3 .2 
5 1.4* 3.4 o.il= 
6 3.6 
7 2.3 
8 1.4 * 2.0 0.~ 
9 1.8 
10 0.8 * 1.3 0 .6* 
Total 3.6 34.2 2.4 
t Averages of 4 observations. 
At the end of the experiment NH4N03 and urea had completely dissolved and 
was not visible on the soil surface, but only parts of (NH4)2so4 applied dissolved. f. For samples with (NH4)2SO 4 or urea, measurements were not made daily but 
accumulated losses were measured at 5, 8 and 10 days. 
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The differences in NH3-N losses among N sources were attributed to their 
solub ilities. At the end of the experiment NH 4N03 ond urea had completely 
dissolved and was not visible on the soil surface, but only parts of (NH4)2S04 
applied had dissolved. Most of the NH3-N formed from reactions of NH 4N03 
and CaC03 on the soil surface wos not retained in the soil because of their 
concentration in the I imited moisture. Most of the NHTN should be readily 
volatilized. The small amounts of NH3-N evolved from urea was the result of 
I imited hydrolysis of urea caused by I imited soil moisture. 
The third condition--broadcast on air-dry soil surface followed by appreci-
able rainfall or irrigation--was simulated by adding the fertilizer to dry soil and 
wetting the soil. Each N fertilizer at the rate of 200 kg NH4-N;ha was applied 
to the surface of the air-dry sail before the water equivalent to field capacity 
was added. The NH3-N volatilized was trapped in 2 percent baric acid after 
the water an the sail surface had finished infiltration . 
The amount of NH3-N lost during 10 days from the soil receiving 
(NH4)2so4, NH 4N03, and urea were 15 . 0, 12.7, and 0.4 percent of the added 
N, respectively {Table II). The NH 3-N losses from (NH4)2so4 and NH4N03 
were not different statistically . 
The rates of NH3-N losses from (NH4)2so4 and NH4N03 were almost 
constant from doy I to day 7. Urea is a very soluble fertilizer. Most of it might 
move downward with water and diffuse deeply enough for the soil to reotin any 
NH3-N formed . Muso (1968) has reported that (NH4)2SO 4 and urea were found 
mostly in the top 5 em ond in the 18 to 23 em, respectively, in the soil column 
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Table II. The NH3-N losses in one-day intervals from highly calcareous Millville 
soil at room temperature. 
Time 
(day) 
2 
3 
4 
5 
6 
7 
8 § 
9 
10 
Total 
TheN fertilizers at a rate of 200 kg NH4-N/ha were applied to the 
surface of air-dried soil before the amount of water to raise the soil 
moisture to field capacity was added. 
(NH4)2so4 NH4N03 Urea 
1.6 1.6 
1.9 1.8 
1.7 1.5 
1.8 1.4 
1.8 1.4 0.3~ 
1.7 1.4 
1.6 1.2 
1.2 0.9 
1.0 0.9 
0.7 0.6 
15.0 12.7 0.4 
t Average of 4 observations. 
§On this day 25 ml of distilled water was added to rewet the soil core to about 
2.5 em deep. 
>fMeasurements of NH3-N from samples with urea were not measured daily, but, 
rather, were measured for the total accumulated loss at 5 and at 10 days. 
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after the 10 em of water was added to a compact calcareous, clay sail column. 
Incomplete so lubilization of NH4N03 and (NH4)2so4 during wetting the sail and 
gradual movement back to the so il surface of dissolved portions may account for 
the continual low NH3-N volatilization rates. 
This study indicates that NH3-N losses can be reduced by the application 
of N fertilizer to the air-dry soil surface just prior to a good rainfall or before 
the irrigation water is applied. The amount of reduction in NH3-N lasses from 
Table 12. Reduction in the NH3-N lost from calcareous Millville silt loam by 
the application of water after surface broadcasting of N fertilizer 
rather than wetting the soil prior to fertilization (or application on 
the wet soil surface}. 
NHTN loss, %of added N 
Condition (NH4}2SO 4 NH4No3 Urea 
Soil wetted before 
broadcast fertilization 43.0 22 .I 18.2 
Soil wetted after 
broadcast ferti I izat ion 15.0 12.7 0.4 
Reduction, percent of 
added N 28.0 9.4 17.8 
Percent dec rease (to one-third} (to one-half} (to no lass} 
Field experiments 
Environmental conditions, especially sunlight, temperature fluctuations, 
and drying of the soil surface, probably play important roles governing NH3-N 
losses from the soil in the field. Therefore, some experiments were conducted 
to observe the effects of these factors as encountered in the field. 
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Effects of sun I ight on NH3-N losses from noncalcareous soil. The nan-
calcareous soil used was the Timponogos sail. The condensation of water which 
would have occurred on the inside of the column was prevented by wrapping half 
of the column lengthwise and its top with the black polyethylene plastic sheets. 
Ammonium sulfate, NH4N03, or urea at the rate recommended to growers (56 kg 
N;ha) was applied to the wet soil surface. The column was buried in the soil in 
such a way that the soil surface in the column and the field surface were level. 
The uncovered side of the column was exposed (faced) to the sun. This allowed 
the sun I ight to strike the soil surface inside the column during the day time. The 
shaded columns were prepared similarly except that the covered plastic side was 
turned to the sun I ight. Compressed air at a flow rate of 1500 cc/min was passed 
across the sail surface; the NH3-N evolved from each cylinder was trapped in 
80 ml of 2 percent boric acid in a 125 ml flask. 
Preliminary tests indicated that the 2 em soil temperatures inside the sunlight 
and shaded columns were nearly identical. The sail temperatures inside and outside 
the columns were recorded daily between 3 to 4 P.M. which was likely to be the 
period of the highest temperature on a clear day. 
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The sunlight did not alter the NH
3
-N lost from theN fertilizers from 
T imponogos soil. The average N H3-N losses from the exposed and shaded soil 
during 8 days were 5.7 ond 5.2 percent of the added N, respectively. Table 13 
shows for one-doy intervals the rates of NH3-N loss from (NH4)2SO 4 , NH 4N03, 
and urea. The total NH3-N loss from (NH4)2so4 under both sun light and shaded 
soils was the greatest. That lost from NH 
4
N03 was least. 
The rote of NH3-N loss was highest during the first doy and decreased with 
time. This is different than was observed for urea in laboratory studies. In 
previous studies, urea hod always hod o log time of about 3 days, presumably time 
for hydrolysis by the enzyme urease to occur. The reason foro lock of time log 
here is unexplained. 
Any differences in NH3-N losses from samples exposed to sunlight and those 
exposed to shade was expected to be the results of sma ll differences in the soil 
temperatures (Table 14) . It is likely that the soil temperature inside and outside 
the columns were only slightly different on o clear day, but were the some on a 
cloudy day. Fenn and Kissel (1974) found that the temperatures (12 to 32 C) did not 
influence the NH3-N loss at the lower rates of (NH4)2SO 4 they applied (33 and 
66 kg NH4-N;ha). Their results are in agreement with the results of this study. 
The total NH3-N loss from urea-treated soil exposed to sun I ight was less 
than from soil in a shaded condition . This phenomenon is explained as follows: 
(I) The so il surface under sun I ight dried rapidly, causing higher soil temperature; 
and (2) the rate of urea hydrolysis in the exposed column was lower due to 
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Table 13 . Effects of sun I ight on NH3-N losses from untreated Timponogos soil 
receiving 56 kg N/ha as oifferent N sources oppl ied on the wet soil 
surface. 
NH3-N loss, o/o of N added t 
(NH4)2so4 NH4N03 Urea 
Time Sunlight Shade Sun I ight Shade Sunlight Shade (day) 
3.6 2.5 1.4 1.1 1.8 1.5 
2 1.4 1.4 0.5 0.7 0.9 1.4 
3:j: 0.8 0.9 0 .2 0 . 3 0.2 0.9 
4 1.0 0.9 0.5 0.5 0.8 1.3 
5'* 0 . 4 0.3 
6 0 .7 0.6 0.6§ 0.5§ 0.9§ 1.4§ 
7'* 
8 0.6§ 0.7 § 0 . 3§ 0 . 4 § 0.8§ 1.3§ 
Total 8.5 b 7.3 b 3.5 a 3.5 a 5.2 a 7.8 b 
t Averages of 3 observations for (NH4)2so and NH4N03, but only 2 obser-
vations for urea. Total NH3-N loss values folfowed by the same letter ore not 
significantly different at the 0.05 level. 
'*On these dotes 30 ml of distilled water was added to rewet the soil surface. 
§ The amounts of NH3-N losses at day 6 for NH4N03 and urea were the 
accumulated NHTN losses of day 5 and day 6. The amounts of NHTN losses at 
day 8 were the accumulated losses of day 7 and day 8. 
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insuffic ient mo isture near or at the surface. The sail surface moisture is the 
ma jar factor in control I ing urea hydrolysis and the subsequent NH3-N loss. 
Table 14. Temperatures inside and outside soil columns used for determination of 
NH3-N loss given in Table 13. 
Temperatures (at 3 to 4 P. M.) C 
Soil c olumn 
at 2 . 0 em soil depth Outside column 
Time 2.0 em Remarks Sunlight Shade 
(day) Soil depth Air 
ot 25 19 26 22 Clear 
27 21 30 27 Clear 
2 38 28 35 21 Clear 
3 $ 42 33 37 31 Clear 
4 37 27 34 31 Clear 
5 $ 39 30 37 25 Mostly clear 
6 24 23 25 21 Cloudy 
7 $ 19 18 20 15 Cloudy & 
showered 
8 33 28 31 23 Clear 
t About 2 hours after the sail surface was exposed to sunlight . 
$Soil rewetted. 
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Effects of sun! ight on NH3- N losses from calcareous soil. The colcoreous 
soil used wos Millville silt loom. The methods used were similar to that used in 
the prev ious section of the field experiments . Table 15 lists NH3-N losses from 
calcareous soil receiving N sources and exposed to sunlight or kept under shaded 
conditions. The soil temperatures ere given in Table 16. 
Table 15. Effects of sunlight on NH3-N losses from highly calcareous Millville 
soil receiving 56 kg N~c in different N sources applied to the wet 
soi I surface. 
NH3-N loss, %of N added t 
Time (NH4)2so4 NH4N03 Urea 
(day) Sun! ight Shade Sun! ight Shade Sunlight Shade 
37.4 27.0 11.2 7.5 3.5 1.9 
2 10.6 9 .9 4.8 3.5 3.2 2.2 
3 4 .6 8.4 2.1 3.3 0.8 2.4 
4* 1.5 4.0 0.9 2.1 0.3 0.9 
5 3.3 3.8 1.7 2 .0 0.9 1.1 
6* 1.3 2 .9 0 .6 1.6 0.3 0.9 
7 2.7 2.8 1.4 1.5 1.3 1.4 
Total 61.4 c § 58.8 c § 22.7 b § 21.5 b § 10.3 a § 10.8 a § 
+Average of 3 observations for (NH4)2so4 and NH4N03, but 2 Observations for urea 
*on these dates 30 ml of distilled water wos added to rewet the soil surface 
" Values with different letters are statistically different at the 95 percent 
confidence level 
Table 16. Temperatures inside and outisde columns of Millville soil used for 
determinations of NH3-N losses tabulated in Table 15. 
Time 
(day) 
ot 
2 
3 
4 ~ 
5 
6~ 
7 
Temperature (at 3 to 4 P.M.), C 
Soil column 
at 2.0 em de~th Outside Column 
2.0 em 
Sun I ight Shade Soil Depth Air 
30 25 30 28 
28 21 29 21 
31 25 31 23 
39 28 35 29 
37 29 35 28 
35 26 33 24 
38 26 30 27 
30 24 30 24 
Remarks 
Clear 
Clear 
Clear 
Clear 
Portly cloudy 
Portly c laudy 
Portly cloudy 
Portly cloudy 
f About 3 hours after the soil surface was exposed to sun I ight 
~ Rewetting the soils 
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Sunlight did not affect NH3-N loss. The overages of NH3-N evolved was 
31.4 and 30.5 percent of added N, when exposed to sunlight or kept in the shade, 
respectively. However, the NH3-N losses from (NH4)2SO 4 the first day were 
exceptionally Iorge; losses from all N sources decreased after the first day. 
Rewetting the air-dry soil surface increased the rates of NH3-N losses. The 
order from greatest to least NH3-N losses were (NH4)2SO 4 > NH4N03 > 
urea. 
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Although soil temperatures at the 2 em sail depth in sunshine or in shade 
were different , it had no significant effect on NH3-N loss. Fenn and Kissel (1974) 
reported similar NH 3-N losses from ca lcareous soil within quite a temperature 
range of 12 to 32 C. 
Perhaps there is an effect of temperature which simply alters the rate of loss 
by altering soil moisture. Samples exposed to sunlight had higher early losses of 
NH3-N but as the soil dried, the NHTN loss decreased even below that from 
shaded columns. It is expected that if the samples exposed to sunlight, and thus 
having hotter temperatures, were kept moist, the total losses would exceed those 
from the shaded samples. 
Effects of irrigation water applied after N fertilizer application. Ammonium 
sulfate, NH4N03, or urea at a rate of 56 kg N;ha were applied to the calcareous 
Millville silt loam on the surface or at a 2.5 em depth. The amount of water 
equivalent to field capacity was added to the soil surface in the column . All soil 
columns were exposed to sun I ight. The N H3-N evolved was trapped in 2 percent 
boric acid beginning immediately after the water on the soil surface had infiltrated. 
No NH3-N was volatilized from the highly calcareous soil receiving 
(NH4)2S04, NH4N03, or urea applied at the 2.5 em depth before the amount of 
field capacity water was added (Table 17), in spite of temperatures ranging from 
30 to 42 C during the experimental period {Table 18). Even NH3-N lasses from 
soil with (NH4)2S04, NH4N03, or urea applied to the soil surface fol.lowed by 
irrigation were reduced below losses when fertilizer was applied to wetted soil 
(compare Table 15 and 17). The losses under these conditions, reduced to less 
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Table 17 . The NH~-N losses at one-day intervals from highly calcareous Millville 
soil rece1ving 56 kg N/ha applied at the 2.5 em depth or applied an 
air-dry soil before adding irrigation water to wet the soil to field 
capacity. The soil surface was exposed to sunlight. 
NH3-N lass, %of N added t 
Time 
(day) 
4 
5* 
6 
7 
2.5 em 
depth 
None 
Total losses 0 . 0 
Surface 
8.5 
2.8 
3.3 
1.8 
0.9 
3.3 
0.5 
t Averages of 2 observations 
2.5 em 
depth 
None 
0.0 
Urea 
2.5 em 
Surface depth Surface 
4.0 0 .6 
1.0 
1.4 
0.6 None 
0.3 
1.5 1.0 II 
0.2 0.3 
9.oatt 0.0 2.2 a tt 
*On these dates 30 ml of distilled water was added to rewet the soil surface 
§ Total NH3-N loss of day 2 and 3 II Total NH3-N loss of day 4, 5, and 6 
tt Values with different letters are statistically different at the 95 percent 
confidence level. 
136 
Table 18. Temperatures inside and outside Millville sail columns used far deter-
mination of NH3 -N lasses given in Table 17. 
Temperature {at 3 to 4 P.M.), C 
Soil column Outside column 
Time 2 . 0cm 2.0 em 
(day) soil depth soil depth Air Remarks 
ot 35 33 31 Partly cl oudy 
33 31 31 Clear 
2 40 38 31 Cleor 
3* 37 33 31 Clear 
4 42 41 33 Clear 
5* 32 30 30 Partly cloudy 
6 30 30 28 Clear 
7 42 41 31 Clear 
+About 3 hours after the soil surface was exposed to sun I ight 
* Rewetting the soil 
than half of the loss when irrigation preceeded fertilizer additions, were still 21.1, 
9 . 0, and 2.2 percent of added N, respectively. The highest losses from 
The losses are explained just os was dane for similar laboratory data. The 
very soluble urea moves into the soil with the water and is left deep in the soil, 
trapping any volatilized NH3-N . The charged NH4 and lower solubility of 
(NH4)2SO 4 leaves much of it at or near the soil surface, allowing appreciable 
137 
losses . Ammonium nitrate is somewhat intermediate between these two materials--
very soluble but with a charged NH~ ion . 
It is evident that water application, rainfall or irrigation, after theN 
fertilizers were applied to the soil surface reduced the total NH3-N lasses to 34, 
40 and 21 percent of the losses which occur from (NH4)2S04, NH4N03, and urea, 
respectively, when these are added to wet soil. 
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SUMMARY AND CONCLUSIONS 
This study compared the effects of nitrogen ·Jrces on the amount of mineral 
soil nitrogen; it included studies of nitrogen movement, and wheat yields when 
nitrogen fertilizers were applied to soil planted to dryland winter wheat at the 
Blue Creek Experimental Station in northern Utah. A laboratory study of 
ammania-n itrogen loss from added fertilizer completed this study of nitrogen. 
Nitrogen sources at the practical rate of 56 kg N;ha were broadcast before 
the winter wheat seed was drilled on September 17, 1973 . The drill action covered 
most of the fertilizer to depths of 0-3 em. Soil samples were taken on October 5, 
1973, November 2, 1973, April 20, 1974, and May 18, 1974. The application of 
ammonium nitrate, ammonium sulfate, or S-cooted urea incre·ased the amounts of 
mineral nitrogen in the 0-30 em layer during the fall samplings but not in the 
deeper soi l. Samples from soil fertilized with ammonium nitrate had the largest 
amounts of mineral nitrogen. Decreasing amounts were obtained from soil s 
fertilized with ammonium sulfate and S-cooted urea . The soil sampling in spring 
the following year showed no difference in the amounts of mineral nitrogen found 
in the soil profiles fertilized with different nitrogen sources; the mineral nitrogen 
contained was similar in amounts to that in the unfertilized plot. 
So il treated by the different nitrogen sources produced grain yields similar 
to those from the unfertilized plots but produced significant increases in protein 
content and nitrogen content in the grain y ield. 
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In study ing the movement of nitrate-nitrogen in the soil profile, ammonium 
nitrate and potassium bromide at the rates of 400 kg Nand 200 kg Br/ha, 
respectively, were broadcast (on October 10, 1974} after the wheat seed was 
drilled an October 5, 1974. The magnitudes of nitrate-nitrogen movement through 
the soil profile were estimated by the comparisons of the changes in the amounts 
of nitrogen and bromide in the soil profile at the beginning (November 5, 1974} 
and at the last soil sam pi ings (May 28, 1975}. 
The patterns of the distributions of both nitrate-nitrogen and bromide 
contents in the soil profile on a given date were similar. On November 5, the 
highest amounts of nitrate-nitrogen and of bromide were found within the 15-30 em 
depth. By May 28, after spring snow melted, the greatest amount of nitrate-
nitrogen and bromide were within the 60-75 em depth . Nitrate-nitrogen and 
bromide apparently moved down to the 150 em depth, and probably deeper. At 
these maximum sampling depths, both nitrate and bromide concentrations were 
greater than those of the unfertilized plot. The nitrogen leaching below the 120 em 
depth was estimated to be about 30 to 40 percent of the added nitrogen. This 
assumes I ittle of the unaccounted-for nitrogen was volatilized as shown by ammonia 
loss studies. However, denitrification losses are unknown. 
The heavy rate of nitrogen applied did not significantly increase grain yield, 
but did significantly increase straw yie ld, grain protein content, straw nitrogen 
content, and total nitrogen uptake in grain or in straw. 
Different sizes of pelleted urea (from pulverized powder to 2 .5 mm in 
diameter} did not affect the total amounts of ammonia-nitrogen losses from non-
I 
• 
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calcareous Timponogos soil after 14 days. From lower addition rates (50 and 100 
kg N;ho), losses were similar (II. 0 to 12 .7 percent of added nitrogen), but from 
the higher rates (200 to 400 kg N;ho), the total ammonia-nitrogen lost increased 
(17 . 7 and 21 .6 percent of added nitrogen, respectively). 
From fertilized noncolcoreous Timponogos soil, the greatest loss of ammonia-
nitrogen was from urea-treated soil (13.7 percent) followed by samples with 
ammonium sulfate (1 . 0 percent) and with ammonium nitrate (0.5 percent). But 
when calcareous Millville soil was used, the greatest loss in 14 days was from 
ammonium sulfate-treated soil (47. 8 percent), followed by ammonium nitrate-
treated soil (26.7 percent) and soil with urea (21.8 percent). 
Increasing the soil pH or adding carbonates to the noncolcoreous soil greatly 
increased the ammonia-nitrogen losses from soil receiving ammonium sulfa te and 
ammonium nitrate, but hod only a slight affect on loss.es from urea-treated soil . 
Carbonate in the soil (at pH 7 .7) increased the ammonia-nitrogen loss compared 
to losses from soil having a s imilar pH created by sodium hydrox ide solution 
addition when soils were fertilized with ammonium sulfate and ammonium nitrate. 
During 10 days losses from the samples receiving calcium carbonate or sodium 
hydroxide solution were 36.7 and 13.7 percent, respectively, of the added nitrogen 
added as ammonium sulfate. Corresponding figures for ammonium nitrate were 18.3 
and 10 . 8 percent, respectively . 
The higher rates of ammon io-n itrogen loss from the moist, fertilized soil 
occurred during the first 4 days from soil receiving ammonium sulfate and 
a mmonium nitrate but during the period of day 3 to day 5 for urea . However, the 
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daily rate of water lass decreased only slightly until near the end of the experiment 
(10 days). 
High temperature greatly increased the amounts of ammonia-nitrogen lass 
and water loss. But the highest ammonia-nitrogen loss required the persistence 
of both higher temperatures and a continual condition of moist soil. 
Application of ammonium sulfate at a depth of 2.5 em or deeper almost 
completely hindered ammonia-nitrogen loss from the calcareous soil. The reduced 
losses when ammonium sulfate and ammonium nitrate were appl ied to the sai l 
surface before irrigation ora heavy rainfall moved the fertilizer into the soil we re 
one-third or one-half, respectively, of the lasses when the materials were added 
to wet soil surfaces. The loss from urea was also greatly reduced by this practice. 
Under the conditions of high humidity in the atmosphere but dry soil, ammonia-
nitrogen was lost in greatest amount (34.2 percent) during 10 days from ammonium 
nitrate applied to the air-dry soil surface. The less soluble ammonium sulfate and 
uncharged soluble material (urea) hod the least nitrogen loss. 
Ammonia-nitrogen lasses in the field were similar under either sunlight or 
shaded conditions when nitrogen fertilizers were applied to the wet soil surface 
at the practical rate of 56 kg N;ha. From noncalcareous soil, the amounts of 
ammonia-nitrogen lost in 7 days when exposed to sunlight were 8.5, 7 .3, and 
5.2 percent of the added nitrogen from soil supplied with ammonium sulfate, 
ammonium nitrate, and urea, respectively. Corresponding ammonia-nitrogen 
losses from calcareous soil were 61.4, 22.7, and 10.3 percent, respectively. The 
soil temperatures at the 2.0 em depth were similar under sunshine or shaded 
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conditions. It is evident that soil receiving ammonium sulfate lost the greatest 
amount of ammonia-nitrogen, ammonium nitrate lost the next largest amount, and 
urea had the least loss. 
Ammonia-nitrogen losses from calca reous Mill vi lle soil exposed to sunlight 
after materials were added to the wet soil surface were 61, 23, and 10 percent, 
respectively, for ammonium sulfate, ammonium nitrate, and urea. When irrigation 
(or heavy rainfall) followed the application of fertilizers to the air-dry soil 
surface, the respective losses of ammonia were reduced to 21, 9, and 2 percent. 
No ammonia-nitrogen loss was observed when ammonium sulfate wos applied at 
a depth of 2. 5 em or deeper. 
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Table 19 . Mineral N (kg;ha) in the 0-30 em soil depth on October 5, November 
2, 1973, April 20, and May 18, 1974 . The soil received 56 kg N;hc 
with different N sources broadcast on the soil surface before winter 
+ I -wheat seed was drilled on September 17, 1973. Format: NH4-N NOTN. 
Rep I iccte 
N source 2 3 4 Average 
October 5, 1973 
Control 20/ 40 8/40 8/36 8/ 40 11/39 
NH4NO 91/143 63/ 11 9 12/ 63 67/ 131 58/ 114 (NH4)25~4 52/ 55 63/ 52 59/ 55 91/48 66/ 53 
scu 20/ 48 36/ 67 40/32 63/ 40 40/ 47 
November 2, 1973 
Control 8/40 8/16 4/ 36 4/ 16 6/ 27 
NH4N03 36/ 143 63/ 91 24/ 55 32/67 39/89 
(NH4)2S04 71/83 103/55 87/55 71/48 83/60 
scu 87/ 115 32/ 32 16/ 52 40/ 32 44/ 58 
April 20, 1974 
Control 4/ 8 12/ 12 8/ 12 8/ 16 8/ 12 
NH4N03 8/12 12/ 4 4/ 16 8/ 20 8/ 13 (NH4)2S04 8/ 12 28/ 12 12/ 12 20/ 28 17/ 16 
scu 8/ 12 40/ 20 4/12 4/ 16 14/ 15 
May 18, 1974 
Control 4/ 8 12/8 12/ 8 8/4 9/7 
NH4N03 12/12 8/8 8/8 12/16 10/11 
(NH4)2S04 8/ 4 4/ 4 8/ 8 8/4 7/5 
scu 20/ 12 8/4 12/ 12 48/ 12 22/ 10 
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Table 20 . Mineral N (kg;ha) in the 30-75 em sail depth an October 5, November 
2, 1973, April 20, and May 18, 1974 . Format: N~-N/NOj-N. 
Replicate 
N source 2 3 4 Average 
October 5, 1973 
Control 6/ 26 13/ 26 6/19 6/ 26 8/ 24 
NH4N03 26/ 45 38/ 38 35/ 26 6/ 19 27/ 32 
(NH4)2S04 45/6 19/ 26 26/ 13 13/ 13 26/ 15 
scu 6/ 32 32/ 6 6/ 13 6/ 6 13/ 14 
November 2, 1973 
Control 6/ 19 6/ 26 6/ 26 6/ 13 6/ 21 
NH4N03 19/ 51 13/ 32 6/ 19 6/ 26 11/32 
(NH4)2S04 26/ 38 19/26 6/ 26 6/ 19 14/ 27 
scu 13/ 38 6/ 13 6/ 26 13/19 10/24 
April 20, 1974 
Control 13/ 6 19/ 6 6/ 6 6/ 26 11/11 
NH4N03 13/ 45 13/ 6 6/ 13 6/ 38 10/ 26 (NH4)2S04 19/ 32 19/ 26 6/ 13 26/ 13 18/ 21 
scu 13/ 19 26/ 6 13/ 6 6/ 13 15/ 11 
Ma't. 18, 1974 
Central 19/ 6 19/ 6 13/ 6 13/ 6 16/ 6 
NH4N03 19/ 32 13/ 13 6/ 13 13/ 6 13/ 16 
(NH4)2S04 13/38 19/13 19/ 16 19/13 18/ 18 
scu 13/26 13/ 13 13/ 6 13/6 13/ 13 
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Table 21 . Mineral N (kg/ha) in the 75-120 em soil depth on October 5, November 
2, 1973, April 20, and May 18, 1974. Formot: Nff,;-N/N03-N. 
Rep I icate 
N source 2 3 4 Average 
October 5, 1973 
Control 6/13 13/26 6/13 6/6 8/15 
NH4N0 3 26/70 6/13 13/6 13/26 15/29 
(NH4)2S04 19/83 13/13 6/6 26/6 16/27 
scu 6/38 19/45 13/19 6/6 11/27 
November 2, 1973 
Control 13/51 6/26 6/6 13/26 10/27 
NH4NO 19/102 6/26 13/ 13 6/13 11/39 (NH4)2S04 6/38 13/26 6/19 13/6 10/22 
scu 13/38 6/13 6/26 13/19 10/24 
April 20, 1974 
Control 6/45 13/13 6/6 6/13 8/19 
NH4N03 6/90 6/19 6/6 6/38 6/38 
(NH4)2S04 6/51 19/32 6/26 6/13 9/31 
scu 13/32 19/19 6/19 13/6 13/19 
May 18, 1974 
Control 13/26 13/13 13/13 6/13 11/16 . 
NH4N03 13/96 19/38 19/13 19/6 18/38 
(NH4)2S04 19/83 19/32 13/19 13/6 16/35 
scu 19/45 19/19 13/6 13/13 16/21 
Table 22. Sample analysis of variance far grain yie ld of dry land winter wheat 
grawn in sail receiving 56 kg N/ha at the Blue Creek Experimental 
Station from September 1973 to July 1974. 
Source DF ss MS F F.os 
Tota l 15 3,412,229 
Rep I icate 3 2,664,833 
Treatment 3 294,030 98,010.2 I. 95 3.86 
Error 9 453,365 50,373.9 
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Treatment mean, kg/ho LSD. 05 
Control 1,990 359 
NH4N03 2, 292 
(NH4)2S04 2,290 
S-cooted urea 2, 322 
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Table 23. Statistical summary of the results of the Experiment I. 
Treatment Mean 
Source Control NH4N03 (NH4)2S04 scu LSD .05 
Groin yield, 
kg;ho 1990 2292 2290 2322 359 
Groin protein 
content, % 9.3 12.2 12 .I II. I 1.9 
N content in 
groin, kg;ho 32.2 49.0 48.3 44.5 10 .7 
Mineral N in 0-30 em depth: 
October 5, 
1973 50 172 119 87 55.0 
November 2, 
1973 33 128 143 102 52.9 
April 20, 
1974 20 21 33 29 NSt 
May 18, 
1974 16 21 12 32 NSt 
tThe treatment means are not significant ly different by the F-test, therefore 
LSD va lues were not calculated. 
Table 24. NH4-N content in the soil profile of unfertilized plots on November 5, 1974 and IV\ay 28, 1975 (Experiment II) . 
NH4-N, kg/ha 
Depth Rep I icote I 2 3 4 Average 
{em) Nov. 5 IV\ay 28 Nov. 5 May 28 Nov . 5 IV\ay 28 Nov. 5 IV\ay 28 Nov. 5 IV\ay 28 
0-15 6 4 4 9 2 5 6 4 4 6 
15-30 12 7 14 12 9 15 14 4 12 10 
30-45 6 5 3 12 6 4 4 3 7 
45-60 4 6 2 10 2 9 4 4 3 7 
60-75 3 3 7 6 2 2 4 
75-90 4 2 13 10 2 2 7 
90-105 4 4 14 2 7 7 3 8 
105-120 6 2 16 2 12 5 2 10 
120-135 8 10 9 5 8 
135-150 6 12 10 6 9 
Total 
(0-120 em) 39 34 67 20 70 32 31 59 o-
01 
Table 25. N03-N content in the soil profile of unfertilized plots on November 5, 1974 and May 28, 1975 (Experiment II). 
NOTN, kg;'11a 
Depth Re I icate I 2 3 4 Average 
(em) Nov. 5 M.ay 28 Nov. 5 M.ay 28 Nov . 5 May 28 Nov. 5 M.ay 28 Nov, 5 May 28 
0-15 13 6 10 4 10 5 10 5 II 5 
15-30 37 37 5 28 II 23 4 31 5 
30-45 13 3 10 6 II 7 7 4 10 5 
45-60 10 6 9 5 6 5 5 6 7 6 
60-75 10 6 7 2 6 10 4 8 
74-90 15 5 2 3 5 8 4 8 
90-105 19 6 II 4 9 3 5 10 
105-120 19 13 8 3 5 5 8 9 
120-135 7 II 6 10 
135-150 6 9 6 10 
Toto 
(0-120 em) 79 96 48 67 53 45 80 56 
0:: 
o-
Table 26. NH4-N content in the sail profile of fertilized plats an November 5, 1974 and May 28, 1975 (Experiment II) . 
NHrN , kg/ha 
Depth Rep I icote I 2 3 4 Average 
(em) Nov. 5 May 28 Nov. 5 May 28 Nov. 5 May 28 Nov. 5 May 28 Nov . 5 May 28 
0-15 223 26 372 48 258 55 324 62 294 48 
15-30 15 7 13 10 17 8 6 8 13 8 
30-45 17 8 23 9 10 5 20 8 18 8 
45-60 5 8 5 10 5 II 6 6 5 9 
60-75 5 II 4 12 6 II 5 10 
75-90 4 16 5 8 10 2 4 9 
90-105 3 12 5 29 8 3 4 13 
105-120 6 15 3 9 7 5 5 9 
120-135 9 10 7 12 10 
135-150 13 12 6 4 9 
Total 
(0-120 em) 278 103 430 135 110 105 348 114 
o-
" 
Table27. N03-N content in the sail profile of fertilized plots on November 5, 1974 and May 28, 1975 (Experiment II). 
NOTN, kg/ha 
Depth Rep I icate I 2 3 4 Average 
(em) Nov. 5 May 28 Nov. 5 May 28 Nov. 5 May 28 Nov. 5 May 28 Nov. 5 May 28 
0-15 113 28 119 45 95 38 72 27 100 35 
15-30 131 18 186 21 124 14 225 15 167 17 
30-45 17 21 19 27 10 35 23 21 17 26 
45-60 8 25 II 91 3 52 10 61 8 57 
60-75 3 46 9 91 55 61 6 63 
75-90 4 36 II 49 36 63 8 46 
90-105 4 36 13 26 30 41 9 33 
105-120 9 27 21 22 24 28 15 25 
120-135 30 35 20 27 28 
135-150 16 51 14 22 26 
Total 
(0-120 em) 289 237 389 372 257 317 330 302 
0: 
co 
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Table28 . Bromide content of the control plots on November 5, 1974 and May 
28, 1975 of the Experiment II. 
Br; kg/ha 
Depth Rep I icate I 2 Average 
(em) Nov. 5 May 28 Nov. 5 May 28 Nov. 5 May 28 
0-15 2 0 2 2 2 
15-30 2 2 3 2 3 2 
30-45 2 2 2 2 2 2 
45-60 4 3 
60-75 2 2 4 4 3 3 
75-90 2 3 5 2 4 3 
90-105 4 2 7 3 6 3 
105-120 6 8 8 5 7 
120-135 7 8 8 
135-150 II 5 8 
Total 
(0-120 em 16 18 35 24 28 22 
Table 29 . Bromide content of the KBr- added plots in the soil profile on November 5, 1974 and May 28, 1975 (Experiment II) . 
Br-, kg/ha 
Depth Rep! icote I 2 3 4 Average 
(em) Nov. 5 May 28 Nov. 5 May 28 Nov. 5 May 28 Nov. 5 May 28 Nov. 5 May 28 
0-15 28 0 105 4 66 2 59 65 2 
15-30 78 165 3 97 4 148 2 122 3 
30-45 19 2 32 3 21 14 13 7 21 6 
45-60 4 2 8 5 II 53 4 15 7 19 
60-75 21 6 14 5 70 44 6 37 
75-90 34 4 17 5 43 49 4 36 
90-105 40 2 6 5 15 52 3 28 
105-120 51 2 9 8 16 47 5 31 
120-135 45 6 12 21 21 
135-150 40 5 13 23 21 
Toto 
(0-120 em) 115 324 61 209 217 217 233 162 
::::; 
0 
Table30. Total N content (kg/ha) in the soil profile of the unfertilized plots on November 5, 1974 and May 28, 1975. 
Total N, kg/ha 
Depth Rep! icate I 2 3 4 Average 
(em) Nov. 5 May 28 Nov. 5 May 28 Nov . 5 May 28 Nov . 5 May 28 Nov. 5 May 28 
0-15 1988 2116 1919 1946 1851 1640 1753 1804 1878 1876 
15-30 2126 2216 2341 2293 2132 2032 1876 1990 2119 2134 
30-45 2030 2102 2162 2241 1983 1808 1615 1834 1947 2000 
45-60 1708 1736 1966 1979 1610 1646 1463 1536 1687 1725 
60-75 1408 1580 1508 1523 1472 1429 1553 1455 
75-90 1357 1401 1344 1314 1267 1401 1359 1342 
90-105 1148 1255 1282 1161 1199 1312 1208 1235 
105-120 1286 1235 1144 1233 1184 1327 1235 1235 
120-135 1401 1250 1235 1188 1270 
135-150 1195 1327 1208 1135 1216 
Toto 
(0-120 em) 13,371 13,861 13,751 12,807 12,250 12,634 12,986 13,002 
" 
Table 31. Total N in the sail profile of the fertilized plots on November 5, 1974 and May 28, 1975 (Experiment II) . 
Total N, kg/ha 
Depth Rep I icate 2 3 4 Average 
(em) Nov, 5 May 28 Nov. 5 May 28 Nov. 5 May 28 Nov . 5 May 28 Nov. 5 May 28 
0-15 2336 2048 2635 2164 1947 1749 2387 2085 2327 2011 
15-30 2263 2117 2371 2443 1971 1834 2314 2138 2229 2134 
30-45 2072 2021 2315 2294 1495 1595 2087 2006 1994 1979 
45-60 1734 1655 2002 1987 1384 1384 1725 1917 1713 1736 
60-75 1472 1419 1593 1751 1233 1623 1534 1506 
75-90 1312 1297 1348 1493 1399 1693 1331 1472 
90-105 1263 1220 1387 1325 1353 1436 1325 1333 
105-120 1108 1233 1374 1284 1116 1318 1242 1238 
120-135 1312 1380 1159 1161 1252 
135- 150 1227 1163 1304 997 1174 
Total 
(0-120 em) 13,561 13,011 15,025 14,741 11,664 14,218 13,695 13,409 
:;::j 
"' 
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Table 32 . Individual replicate data of winter wheat yields of the Experiment II. 
Replicate 
Yield component 2 3 4 Average 
Control plots: 
Grain y ield, kg/ha 1595 2573 1658 1411 1809 
Grain prate in content, % 15.1 12 . 1 12 . 8 12.9 13.2 
Straw yield , kg;ha 2178 4598 2649 2188 2903 
Straw N content, % 0.42 0 .26 0.28 0.28 0 . 31 
N uptake in grain, kg;ha 42 56 37 32 42 
N uptake in straw, kg/ha 10 13 8 6 9 
Fertilized plots: 
Grain yield, kg/ha 1916 2296 2643 2542 2349 
Grain protein content , % 20.4 20 .2 18 .6 19 . 3 19 .6 
Straw yield, kg;ha 6286 8255 6885 6056 6871 
Straw N content, % 0 .70 0 .70 0 . 55 0.45 0.60 
N uptake in grain, kg;ha 69 82 86 85 81 
N uptake in straw, kg;ha 44 58 38 28 42 
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Table 33. Accumulative NH3-N losses (percent of added N) from the sails under 
different conditions at roam temperature in the Experiment Ill. 
Rep I icate 
Condition 2 3 4 5 Average 
Different sizes of urea pellets from T impanagas soil (14 days) 
2. 00-2.50 mm diameter 6.2 7.0 7.4 6.8 
1.34-2 . 00 mm 10 .7 10.1 7.2 9.3 
0.59-1.34 mm 8.6 11.2 11.2 10.3 
Pulverized urea II. I 9.2 11.6 10.7 
Different N sources from Timpanogos soil (13 days) 
(NH4)2S04 1.0 1.0 0.9 1.0 0.8 0 .9 
NH4N03 0 .5 0 . 5 0.5 0.5 0 .6 0 .5 
Urea 16.3 14.4 14 .3 11.6 14 . 1 14.1 
Different rates of urea from Timpanogos soil (14 days) 
50 kg N;ha 11.3 10 .9 12.4 9.3 11.0 
100 15.2 12 .7 12.2 10.5 12.7 
200 20 . 3 16 .7 17.3 16.5 17.7 
400 20.5 24.1 20.9 21.1 21.6 
Timpanogas so il + 5% by weight CaC03 (14 days) 
(NH4)2so4 36 .8 39 .6 39.4 38.0 34.5 37.6 
NH4N03 18 .8 16.8 18.1 17.5 20.2 18.3 
Urea 16.8 15.4 17.6 14.5 13.0 15.5 
Timpanogos soil+ 5% by weight BaC03 (14 days) 
(NH4)2S04 60.2 61.9 53.4 58 . 1 63.9 59.5 
NH4N03 45.4 46.8 44.9 42.8 46.2 45.2 
Urea 19 . 1 20 . 5 23.3 20.9 16.8 20 . 1 
Millville so il (18 days) 
(NH4)2S04 51.1 47.6 46.2 53.0 51.1 49.8 
NH4N03 28.7 32.2 31.2 26.5 29.5 29.6 
Urea 24.8 26.8 17 .6 29.5 22.2 24.2 
175 
Table 33 . Continued 
Rep I icate 
Condit ion 2 3 4 5 Average 
Timpanogos soil at different pH values (14 days) 
pH 7 .4: 
(NH4)2S04 4.6 4 .6 5.3 4.9 
NH4N03 4.4 4.4 4.0 4.2 
Urea 20.0 16.6 19.1 18.6 
pH 8.4: 
(NH4)2S04 28.0 29.0 30.0 29 . 3 
NH4N03 19.6 21 .8 21.1 20.8 
Urea 22.6 25.2 20.4 22.7 
Timpanogos soil (10 days) 
Addition of 10% CaC03: 
(NH4)2S04 35.9 29 . 3 42.1 39 . 3 36 .6 
NH4N03 20.1 18.1 17 .6 17 . 3 18 . 3 
Addition of NaOH solution: 
(NH4)2S04 12 . 1 13.8 14.2 14 .5 13 .7 
NH4N03 11.5 11.6 10.4 9.5 10 . 8 
N application to Millville soil before irrigation (10 days) 
(NH4)2S04 12.0 15.8 14.6 18 .1 15 . 1 
NH4N03 11.5 11.4 13 . 1 14.5 12.6 
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